Journal 
Anfectious Discases 


Pounded 190d by tha Gackefellee MeCormich Memorial Institate for infectious Diseares 
|) the gf LEDVIG HEKTORN ond EDWIN 0. JORDAN — 


WILLIAM H. ‘TALIAFERRO, 


WILLIAM BURROWS-G. DACK-F. 8. GORDON-R. W. HARRISON STEWART 4, KOSRR 
ROBERT M. LEWERT-KARD PHILLIP MILLER JAMES W, MOULDER: 
AARON NOVIGK#F. Gu NOVY-DAVID W. TALMAGE 


PUBLISHED POR THE JOMM ROCKEFELLER McCORMICK MEMORIAL FUND 
| OF THE UNIVERSITY OF CHICAGO Ske 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO + ILLINOIS USA. 


i 
‘ 
at ; 
é 4 


=? 


The Journal of Infectious Diseases 


The Journal of Infectious Diseases ts Gevoted te the publication of original inves- 
tigations dealing with the general phenomena, calltation and prevention of in- 
fectious diweases, itis the aim of the journal to occupy 2 special field and to include 
only such contributions as bear with reaadnable directness on the topics indicated 
in the title. The biology amd. chemistry of the various pathogenic orgaviems, the _ 
physiology and anatomy.of the morbid processes that they initiate, and the hy- ~ 
genic and sanitary problems to whieb they give <iae are considered to be especially 
within the scope of the undertaking, . 

This journal wag establidhed in connee tion the Jolin Rockefeller McCor- 
mick Memorial Institute for Infectious Discases, by the munificence of the late 
Mre. Etith Rockefeller McCormick and the Wie Harold F. MeCormick. Since 
1941 :t bat been published in connection. witheee John Rockefeller McCormick 
Memorial Fund of the University of * 4 


The Journal of Infectious Diseases ix published sonchly, at The Universiry of Chicage Presa, 
5750 Efiiy Avenuz, Chicago, Minols, The subseription p ‘ce is $7.00 per year; $3.50 a volume; the price 
of eingle copies of curreut volume is $2.06. Pottage is prepaid by the publishers on all arders from 
the Unived States, Medico, Cul Puerto Rios: Panama Canal Zone, Kepublic.of Panara, Dominican 
Republic, Canary Ivlands, ador, Argentina, Bolivia, Beazil, € olombia, Chile, Coata Rica, 
Ecuador, Guatemala, ‘Honduras, Nicaragua, Peru, Haiti, Uruguay, Paraguay, Hawaiian Islande. 
Balearic Islands, Spain end Venezuela. Postage i¢'charged extra as {ollowse: for Canada and 
Newfoundland, 40 Gétite on antral subscriptions (total $7.40); on single copies 10 cents (total $2.10); 
for al} other countries in the f'ostal Unjon, 75 cents Satan! subscriptions {total $7.75); on single 
copies 15 (total $2.15). 4 Patrons are requested ake all remictances payable to the Univer- 
tity Press in postal or expreas money Brdersor bank drafts, 


The following is an authorized agent; 


For the British Benpire, except North Anverion, and Austr air via: The Cambridge University 
Prega, Beotles House, 260 Euston Road, Londen, England. Prices of yearly subserips 
tions and on single copies way applicatio., 


Claune for mitsiog num bers ahould be made within the month following the regular month of pub- 
lication, The pulitishers expect to supply missing cumbers free when losses have been sustained 
tranait and when the-reserve stock will permit 


Businves correspondence should be addressed to The University of Chicago Press, Bilis 
Avenue, Chieagy 37) Tiinois 


Communications tor the editors and matinecnipts should be addressed. to Mre, Dorothy \\ Green, 
Assistant to the Editor, The Fournal af fadertious Diseaste, $734 Ellis Avenue, Chicago 37, 


Entered as sertind-clace matter Auguet 1, 191 the post-office at Chicago, Minois, under the 
Act of Mewelt $, 1879, 


Acceptance for muailing st special fate of postage providiad for in United States Postal Act 0: October 
5, 1947, Section 1103, amended Pebruary 28,1925, July 5, 1918. 


Notice to Subserfbers: If you change your address, pipage notify us and Your local postmaster im: 
mddiately. Ths Post Office does rot forward second~ lass mati : 


tol 
3 
ig 
| 
\ 
| 
* 
“4 
¥ 
ig 
a 


The Journal 
Intectious Diseases 


Founded 1904 by the John Rockefeller McCormick Memorial Institute for Infectious Diseases 
under the Editorship of LUDVIG HEKTOEN and EDWIN O. JORDAN 


EDITED BY 
WILLIAM H. TALIAFERRO, Editor-in-Chief 


Advisory Editors 
WILLIAM BURROWS:G. M. DACK:-F. B. GORDON-R. W. HARRISON ‘STEWART A, KOSER 


ROBERT M. LEWERT: KARL F, MEYER: PHILLIP MILLER JAMES W, MOULDER 
AARON NOVICK: F. G. NOVY: DAVID W. TALMAGE 


Volume 99 
1956 


PUBLISHED FOR THE JOHN ROCKEFELLER McCORMICK MEMORIAL FUND 
OF THE UNIVERSITY OF CHICAGO 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO ILLINOIS U.S.A. 


i 
a 


4% 
4 
4 


The Journal of Infectious Diseases 


VOLUME 99, JULY-DECEMBER, 1956 


TABLE OF CONTENTS 


No. 1, Juty-AuGust, 1956 


Ropert M. Lewert ANd CHANG-LING Ler, Quantitative studies of the collage- 
nase-like enzymes of cercariae of Schistosoma mansoni and the larvae of 
Strongyloides ratti 

CHANG-LING Lez AND Ropert M. Lewert. The maintenance of Schistosoma 
mansoni in the laboratory 

H. TALIAFERRO AND Davin W. TaLmace. Antibodies in the rabbit 
with different rates of metabolic decay ‘a 

GORDON StaGG, WILLIAM S. TANNER, AND JoHN LAVENDER. Experimental in- 
fections of native animals with Pasteurella tularensis 

Francis W. HuGHES AND Artuur L. Tarum. Effects of hypoxia and intercur- 
rent infections on infections by Plasmodium berghei in rats 

Cuarces W. FisHev. Host-parasite relationship in experimental pertussis. 1. 
Histamine-sensitizing and protective activities of pertussis vaccine in mice 

G. Briccs Grover C. BROADWATER, MORTON REITMAN, AND Rorn- 
ERT L. ALG, Cross infections among brucella infected guinea pigs 

Leir M. RInGeNn AND WILLIAM Okazak1. The susceptibility of several different 
laboratory animals to infection with Leptospira pomona 

Joun E. Larsn, Jr., GeorGe J. AND B. Jerrries. The associa- 
tion in young mice of intestinal inflammation and the loss of adult worms 
following an initial infection with Trichinella spiralis , 

Suyemoto, W., C. M. WHeever, D. C. CavANAUGH, YOKO YAMAKAWA, AND 
Tomiko SHimapa. Studies on Pasteurella pestis in various flea species. II. 
Transmission of avirulent strains of Past. pestis by Xenopsylla cheopis 

FLORENCE B. Seipert. The significance of antigen-antibody reactions in tu 
berculosis 

Kopert A. Harpin, Ropert W. Quinn, ano Roy C. Avery. A survey of hemo- 
lytic streptococci from patients with rheumatic fever, glomierulonephritis, 
pharyngitis and the carrier state. a 

SyepD S. HUSAIN AND WILLIAM Burrows. Studies on immunity to Asiatic chol- 
era. VIII. The virulence of strains of Vibrio cholerae for the mouse 

CLaus W, JUNGEBLUT AND GONZALO Bautista, Jr. Further experiments on the 
selective susceptibility of spider monkeys to poliomyelitic infection . 


No. 2. Serremper—Octoper, 1956 


Wittiam H. «Ro AND Lucy Graves TALiarerro. X-ray effects on 
hemolysin formation in rabbits with the spleen shielded or irradiated . 
Dierer H. Sssporr anp Laurence R. Drarer. The primary hemolysin re- 
sponse in rabbits following shielding from X rays or X irradiation of the 

spleen, appendix, liver or hind legs 


1). M. Attrep, G. N. Stace, J, F. Lavenper. Experimental transmission 
of Pasteurella tularensis by the tick, Dermacentor parumapertus 

1. L. SuecuMeistTer, Leo J, PAULISSEN, AND R. YunKer. Peritoneal leukocytes 
in mice following X radiation, infection, and/or induced sterile inflamma- 


tion 
Cuester M. SoutnamM, Serologic studies of encephalitis in Japan. I, Hemag 
glutination-inhibiting, complement-fixing, and neutralizing antibody fol 


lowing overt Japanese B encephalitis. 


PAGE 


' 
15 
21 
34 
38 
44 
56 
60 
634 
72 
76 
84 
90 
103 
109 
129 
| 
155 


Cnester M. Soutnam. Serological studies of encephalitis in Japan. Ii. Inap- 
parent infections by Japanese B encephalitis virus 

Cuester M. Soutnam. Serological studies of encephalitis in Japan. 11. Epi- 
demic encephalitis other than Japanese B encephalitis in Tokyo......... 

Darwin ALonso AND WALTER J. NuNGEsTER. Comparative study of host re- 
sistance of guinea pigs and rats. V. The effect of pneumococcal products on 
glycolysis and oxygen uptake by polymorphonuclear leucocytes. 

Rosert L. Woorrince, J. Taomas Grayston, James E, CLAYTON 
G. Loostt, Murray FriepMAn, WILLARD E. Pierce. Studies on acute 
papel illness in naval recruits, with emphasis on the adenoviruses 


Grayston, B. Jonnston, Mapec E. anp CLAYTON G. 
Loos. An improved technique for the neutralization test with adeno- 
viruses in HeLa cell cultures. . 

J. Tuomas Grayston, Clayton G. Loostt, PAUL B. JouNsTON, E. 
SmirH, AND Ropert L. Woo-rince. Neutralizing and complement fixing 
antibody response to adenovirus infection 


No. 3. NovemBer-DeEcemMBeER, 1956 


Rowe Freter. Two different toxic fractions extracted from Vibrio cholerae.... 

Harotp R, Curran AnD Frep R. Evans. The effects of 8-propiolactone on 
bacterial spores. 

C. J. KAo AND JAN Scuwanz. Heat resistance of seven strains of histoplasma. 

G. Briceos Josern V. anD HERMAN G. Brant. Cross infec- 
tion arnong animals challenged with Bacillus anthracis 

Cora R. Owen ano Emery O. Buxer. Factors involved in the transnsiesion of 
Pasteurella tularensis {rom inoculated animals to healthy cage mates. . . 

M. Scorr Reprearn, M. AND Davin T. Berman. The establish- 
ment of colonial variants in guinea pigs infected with smooth Brucella suis. 

Davin W. Tacmace, Gioria G. FretTer, AND H. TALiaFeRRO. The 
effect of whole body X radiation on the natural sheep cell hemolysin of the 
rabbit 

Davin W. TALMAGE, G. Freres, AND > ANDREW Tomson. The effect of 
whole body X radiation on the specific anamnestic response in the rabbit. 

FALConer Smitn, H. JeaNetre Ruta, AND Marte M. GRrenan. Antibody pro- 
duction in mice fractionally shielded during exposure to X rays. .. 

Byron H. WAKSMAN, Further study of skin reactions in rabbits with experi- 
mental allergic encephalomyelitis. Reactions to tests with purified white 
matter fractions. Use of a quantitative technique for evaluating sensitivity 
production of sensitization and disease by intradermal se of — 
without adjuvants. . a 

G1u.10 Bosco. Isolation of the bacterial cell wall by means of high power > ultra 
sonic waves 

Max J. Rosensav M AND Rone RT L. RIDGE. The use of soluble antigen for 
the serological diagnosis of influenza in vaccinated populations 

CANTRELL AND Gorpon D. Bers. Effect of cortisone on immunization 
against 7rypanosoma equiperdum in the rat 

INDEX.... 


PAGE 
163 
170 
174 
182 
a 188 
199 
207 
212 
219 
222 
227 
234 
241 
246 
253 
288 
270 
275 
282 
297 


J. Invect. Dis. Vor. 99, No. 3 


The toxic properties of Vibrio chol- 
erae, the classic example of an endo- 
toxin-producing organism, have been 
studied intensively. The literature on 
this subject has been reviewed several 
times, most recently by Bernard and 
Gallut (1945), Burrows (1951) and 
Pollitzer and Burrows (1955), but little 
general reached 
concerning the production and chemical 
nature of this toxicity. 


agreement has been 


It may be regarded as established 
that Vibrio cholerae produces a true, 
cell bound endotoxin as described by 
Pfeiffer (1896), even though the cells 
autolyze readily and thus liberate the 
toxic substance (Burrows, 1951). Most 
workers agreei that the endotoxin is 
of glucolipid nature (Boivin and Mes- 
robeanu, 1935, Burrows, 1945, Bernard 
and Gallut, 1945). But Gallut and 
Grabar (1945) found another protein- 
like 
several days old. 

While a of workers found 
that the toxic glucolipid complex does 


toxic substance in preparations 


number 


not diffuse through membranes of low 
(Hahn and Hirsch, 1929: 
Bernard and Gallut, 1945), others found 
toxic substances of apparently smaller 
molecular size (Metchnikoff, Roux and 
Salimbeni, 1896; Burrows, 1945; Gallut 
and Grabar, 1945). These discrepancies 


porosity 


have been explained on the basis of dey 
radation of the same substance due to 
chemical manipulations in vitro (Bur- 
rows, 1945), or were attributed to proc- 
esses within the ageing culture (Metch- 
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nikoff, Roux and Salimbeni, 1896; Gal- 
lut and Grabar, 1945). Thus it is well 


that different chemical treat- 


ment with such agents as trichloracetic 


known 


will 
result in toxic preparations of different 


acid, hot alcohol, strong acid, ete. 


chemical characteristics. However, little 
information is available concerning the 
the substance 
present in live vibrios. Similarly, little 


homogeneity of toxic 
is known about homogeneity, solubility 
and other properties of toxic material 
(or materials) liberated by vibrios under 
conditions resembling those in the hu- 
man intestine. In previous studies con- 
cerning the role of endotoxin and other 
the pathogenicity of 
Vibrio cholerae (Vreter, 1955), the latter 
questions became of importance for the 


substances in 


interpretation of certain experimental 
results. Experiments pertaining to this 
problem have therefore been carried 
out, the results of which 
here. 


are reported 


MATERIALS AND METHODS 


All experiments described below have been 
carried out with strain Dalat 85, isolated in Indo- 
china in September 1951. The culture method 
was largely that of Ranta and Mec Leod (1951) 
in a modification which avoided the complicated 
bicarbonate-CO, system by using anion exchange 


buffer. The 


grown in lots of 30 liters of 2% peptone water at 


resins as a microorganisms were 
pH 9.0. The medium was inoculated with 150 ml 
18-hour After 6 


hours incubation a sterile solution of 300 g glu 


of an peptone water culture 
cose was added together with 300 g washed, ace 
tone-dried anion exchange resin Nalcite WBRTt 
After 


at 37 C under constant stirring and aeration, the 


(bicarbonate cycle). 18 hours incubation 


vibrios were collected in a Sharples centrifuge. 


Heavy suspensions containing 30 mg/ml of 


fresh, live vibrios in distilled water were acidified 


t National Aluminate Corp., Chicago, Illinois 
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with HCI to pH 3.8 and stirred slowly at 37 C 
for 4 hours. The material was then centrifuged to 
give an opalescent supernate which was termed 
“crude acid-soluble toxin.”’ The yield of toxicity 
in this fraction was 40 to 50% of that present in 
the original suspension. 

After acid extraction the sedimented vibrios 
were suspended in distilled water, adjusted to 
pH 8.5, dried with acetone* and ground with 
sand ina mortar, During grinding the pH dropped 
to 6.5. The ground vibrios were suspended in 
0.85% saline and stirred slowly for 2 hours at 
0 C. The material was centrifuged to give an 
opalescent, toxic supernate that contained most 
of the residual toxicity. This preparation was 
termed ‘“‘crude acid insoluble toxin.” 

The two endotoxin fractions could be purified 
further by the following methods: 

(a) Acid-soluble toxin.—The activity was com- 
pletely precipitated at neutrality with 60% ace- 
tone, The precipitate was redissolved in distilled 
water and shaken 3 times for 15 minutes with 40 
g per 100 ml of a mixture of anion and cation ex- 
change resins (Deeminite, Crystal Research 
Laboratories, Hartford, Connecticut). 

The supernate was then subjected to a moditi- 
cation of Sevag's (1934) method of deproteiniza- 
tion. The toxin solution was buffered at pH 5.5 
in acetate, 1/20 volume of n-butyl alcohol and 
t volume of chloroform were added and the mix- 
ture shaken vigorously in a separatory funnel. 
After centrifugation a gelatinous emulsion layer 
separated out between the aqueous supernate and 
the chloroform, The aqueous layer was removed 
and fresh butyl! alcohol and chloroform added, 
carrying out the procedure about 13 times, i.e., 
until no more emulsion was formed. The super- 
nate fraction was precipitated twice with alcohol 
and reconstituted in distilled water. The chloro- 
form and butyl alcohol constituents of the pooled 
emulsions were dissolved in 4 volumes of 95% 
ethanol. A flocculent precipitate developed which 
was removed by centrifugation, dissolved in 
0.85% saline and reprecipitated twice with 4 
volumes of 95% ethanol. The acid-soluble toxin 
was found entirely in the supernate fraction and 
recovered quantitatively. 

The toxic fraction was then stirred with 4 
volumes of 95% ethanol at 60 C for 15 minutes, 
5% NaCl solution added slowly until precipita- 
tion began, and the mixture allowed to stand at 
60 C for 30 minutes, The precipitate was centri- 
fuged off and redissolved in the original volume 


* Drying with acetone was not absolutely 
necessary. This procedure has been used here 
only because it facilitated the subsequent grind 


ing. 


of water. This procedure was repeated 4 times. 
Precipitation of the activity was complete in 
that no loss in toxicity occurred. The precipitate 
was redissolved in 0.85% saline. This preparation 
was termed “purified acid soluble toxin.” 

(b) Acid-insoluble toxin.—The first step in the 
purification procedure was treatment with chloro- 
form plus butyl alcohol as described above. The 
acid-insoluble toxin was found in the emulsion 
fraction and recovered quantitatively. It was 
then stirred with ethanol at 60 C as described 
above. The final preparation was termed “‘puri- 
fied acid-insoluble toxin.” 

The following analytical methods were used: 
Nitrogen content: digestion with H,SO, and 
oxidation with 30% HO. Ammonia was then 
determined with Nessler’s solution after Kjeldahl 
distillation. Phosphorus content: method of 
Fiske and Subbarow (1925). Reducing sub- 
stances: Copper method as modified by Shaffer 
and Somogyi (1933). Yields were optimal after 
6 hours hydrolysis in normal HCl at 100 C. Lipid 
after 5 hours of hydrolysis at 100 C in normal 
HCl both toxic fractions gave a precipitate which 
was quantitatively soluble in ether after alkaline 
hydrolysis in normal NaOH for 1 hour at 100 C. 
This fraction was nontoxic and free of nitrogen 
and phosphorus. Amino sugars: qualitative de- 
termination was carried out with Ehrlichs reagent 
after heating with acetylacetone (Elson and 
Morgan, 1933). 

Toxicity was assayed by intraperitoneal injec- 
tion into white mice of 20 to 25 g weight. LDyo's 
were calculated according to the method of Reed 
and Muench (1938). 


RESULTS 


As described above, extraction of 
acid-soluble toxin for the purpose of 
preparing purified fractions was carried 
out at pH 3.8. Preliminary studies indi- 
cated that extraction of vibrios at pH 
4.5 and 5.6 yielded similar amounts of 
acid-soluble toxicity as were obtained 
at pH 3.8. However, such preparations 
contained more extraneous material 
than was found at the higher acidity 
and for this reason a pH of 3.8 was used 
in all further experiments. 

Solutions of crude acid-soluble toxin 
were opalescent and slightly green. The 
toxic material was soluble at acid, neu- 
tral and alkaline pH and stable to heat 
(100 C for 10 minutes), ether, chloro- 
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Toxic FRACTIONS 
form and merthiolate. The activity was 
destroyed on standing at pH 7.0 in the 
refrigerator within a few days, the rate 
of decay differing from one batch to 
another. Heating, storage at pH 4.0 or 
under had appreciable 
stabilizing effect. Solutions of purified 


acetone no 
acid-soluble toxin were opalescent but 
had lost the greenish tinge of the crude 
material. 

It was observed that additional ex- 
traction of the vibrios at pH 3.8 did not 
give additional toxicity, that remaining 
in the cells appeared to be insoluble 
under these conditions. However, the 
residual toxicity could be brought into 
solution by alkaline extraction as de- 
scribed above. 

The crude and purified acid-insoluble 
toxins were stable to heat (100 C for 10 
min.) and soluble at neutral and alkaline 
reaction but precipitated at pH 4.5 to 
give a clear, nontoxic supernate on 
centrifugation. This solubility behavior 
was real rather than apparent, iLe., was 
not a coprecipitation of a substance 
similar to acid-soluble toxin by some 
acid-insoluble contaminant. This could 
be shown directly by mixing acid-soluble 
toxin and acid-insoluble toxin at neu 
trality: on acidification to pH 3.5 the 
acid-insoluble toxin 
all the 


found in the supernate. 


was precipitated, 


while acid-soluble toxin was 


Acid-insoluble toxin much 


than the 


was less 


stable acid-soluble fraction. 


TABLE 1. 


Chloroform Jon 


Dilute 
water 


acid 


Prepara 


tios exchange 


emulsions resins 


Purified 
acid-solu 
ble toxin 


Soluble Activity in Not adsorbed 


supernate 


Purified 
acid-in 
soluble 
toxin 


Insoluble Activity in \dsorbed 


emuleiot 


* Percentages are not corrected for asi 


V, 


‘ 
content 


4.56.0 1.8-2.0 0 


12 14 
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Assay of toxicity was therefore carried 
out the time of 
harvesting the vibrios, but even this 


within 18 hours from 
precaution did not prevent loss of toxic- 


ity in some batches. Acid-insoluble 
toxin was completely adsorbed on a 
mixture of cation and anion exchange 
resins (Deeminite). However, no toxic 
material could be eluted by subsequent 
treatment with acid, alkali or strong 
NaCl The 


either inactivated by the process of 


solutions. toxin was thus 
adsorption or did not exchange with 
the eluting agents used. 

The differential properties and an- 
alytical data on the two preparations 
are summarized in Table 1. The values 
for LD», nitrogen, phosphorus and re- 
ducing substances varied slightly in the 
the 


table. Both preparations gave a positive 


different batches as indicated in 
Molish reaction, while tests with Bial's 
reagent were negative. Both toxic frac- 
tions did not diffuse through cellophane 
membranes. 


DISCUSSION 


The extraction of cholera endotoxin 
by incubation of heavy suspensions of 
the vibrios in glucose-containing medi 
Bernard and 
Gallut (1945). Their findings were con 


firmed here in that about 30 to 40% of 


ums was described by 


the original toxicity could be extracted 
from the vibrios by this procedure. The 
method for 


extraction of acid-soluble 


Differential properties of endotoxin fractions.* 


Reducing 
substance 
Amino 
sugars 


Lipid 


Nin 
hydrin 
hydrol test 


before alter 
hydrol 
yria 
é 


‘ 


ontent in mg 


0.05 0.10 


1.0-4.5 1.0-4.5 0.435-0.75 


I 
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toxin used in the present studies is a 
modification of this technique, substi- 
tuting direct addition of HCI for acidifi- 
cation resulting from glucose fermenta- 
tion by the vibrio suspension. 

The data given in table 1 indicate 
that the acid-soluble toxin was similar 
in LDoo, nitrogen content and solubility 
to the toxin fraction—probably glu- 
colipoprotein in nature-—which has been 
described by others (Bernard and Gal- 
lut, 1945; Burrows, 1945). It contained 
about half as much reducing substances 
as the polysaccharide extracted from 
vibrios by Shrivastava, Singh and 
Ahuja (1948). The acid insoluble toxin 
might represent a similar substance 
bound firmly to a protein component, 
the latter determining solubility as well 
as the behavior in chloroform-water 
emulsions. 

The acid-insoluble toxin did not dif- 
fuse through cellophane membranes 
and was therefore different from the 
protein-like substance described by 
Gallut and Grabar (1945). The lipid 
fraction of both toxins appeared to be 
more firmly bound to the remainder of 
the molecule than was the case in tri- 
chloroacetic acid extracts described by 
Burrows (1945), because even hot alco- 
hol failed to remove it. This might be 
due to the more gentle extraction pro- 
cedures employed here as compared to 
treatment with trichloracetic acid, which 
might affect the internal structure of 
the toxin molecule. 

The observation mentioned above, 
that further incubations at pH 3.8 
failed to extract additional amounts of 
acid soluble toxin, suggests that the 
endotoxin occurs naturally in two chem- 
ically different fractions. While this 
may or may not be true, it should not 
be assumed that the two toxic fractions 
described in this paper necessarily 
represent the natural toxic structures 
of the vibrio cell. The acid-soluble toxin, 


for instance, reacted differently to ace- 
tone treatment depending on whether 
it was already extracted or still con- 
tained within the vibrio cell. This could 
be shown in an experiment where fresh, 
ace.one-dried vibrios were suspended in 
distilled water of pH 3.8 and stirred at 
37 C for 4 hours. This procedure would 
have extracted the acid-soluble toxin 
from untreated vibrios, but treatment 
with acetone had changed the vibrios 
in such a way that no acid-soluble tox- 
icity appeared in the supernate. How- 
ever, acetone did not affect the solu- 
bility behavior of the acid-soluble toxin 
once it had been extracted from the 
cells. The biochemical properties asso- 
ciated with the toxic activity appear, 
therefore, to be a consequence of the 
methods of its preparation, a view which 
is consistent with divergent results re- 
ported in the literature by various 
workers. 

Discussing their experiments on Flex- 
ner endotoxin, Tal and Goebel (1950) 
came to the conclusion that the toxic 
entity is distinct from the protein, lipid 
or polysaccharide components of the 
toxic complex. This may also be true for 
vibrio endotoxin, and, if so, the different 
toxic fractions described by others and 
in this paper may be regarded as the 
toxic entity combined with different 
parts of the original complex or com- 
plexes. 

ft may be emphasized that the ex- 
traction of the toxic fractions described 
above did not require any steps which 
could not be realized in the infected 
human or animal body (pH 5.6 or 8.5, 
breaking of the bacterial cells, use of 
fresh vibrios, not ageing cultures). Con- 
sequently, there is no reason to believe 
that slightly different environmental 
conditions, such as might be present 
during the actual cholera infection, 
could not favor the production of endo- 
toxin fractions with similar degrees of 


i 

a 


toxicity but with varying chemical and 
physical properties. This possibility 
should be considered in studies con- 
the effects of endotoxin 
preparations on experimental animals 
and especially 
the endotoxin through 
natural barriers such as the intestinal 
wall. 


cerned with 
in experiments testing 
diffusion of 


SUMMARY 


Two different toxic fractions have 
been extracted from Vibrio cholerae. The 
preparations could be distinguished on 
the basis of solubility at low acidities, 
behavior in chloroform-water emul- 
sions, adsorption on ion exchange resins 
and by their chemical composition. 

The methods used for the extraction 
of these fractions did not involve any 
procedures which could not potentially 
be realized in the infected human or ani- 
mal host. 
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THE EFFECTS OF 6-PROPIOLACTONE ON BACTERIAL SPORES 


HAROLD R. CURRAN AND FRED R. EVANS 
Eastern Utilization Research Branch, Agricultural Research Service, United 
States Department of Agriculture, Washington 25, D.C. 


The widespread use of pooled blood 
and blood derivatives as therapeutic 
agents has focused attention upon a 
health hazard arising from the trans- 
mission of infectious hepatitis (homol- 
ogous serum jaundice)—a serious dis- 
ease of viral origin. In an attempt to 
resolve this problem, Hartman, Kelly, 
and their conducted a 
systematic search for compounds that 
would inactivate the virus in blood or 
plasma, without residual activity and 
without material change in the consti- 
tuent proteins. The screening of 400 
compounds yielded 7 that were effective 
and provisionally acceptable. Of these, 
8-propiolactone (hereafter abbreviated 
(BPL) was the most promising and it is 
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1951, Some virucidal agents and 


now undergoing extensive clinical tests. 
The unusual properties of this com- 
pound, its potential usefulness as a 
preserving or sterilizing agent, and the 
almost complete absence of information 
concerning its activity toward spores, 
prompted the present study. 


MATERIALS AND METHODS 


The following species were tested: Bacillus 
subtilis (15u), American Can Company and 
strains 6051, 6634, American Type Culture Col- 
lection; Bacillus cereus (401), N. R. Smith; Bacil- 
lus stearothermophilus (1518); Clostridium botuli- 
num (62A); Clostridium spp. (3679), National 
Canners Association; Escherichia coli (228), R. P 
Tittsler. 

The collected, and 
washed as previously described.* Clumps were 
dispersed by shaking with small glass beads. 

Washed spores were seeded into different sub- 
strates, treated with purified BPL* with or with- 
out previous activation of the spores by heating 
at 85 or 100 C for 10 or 15 minutes. After the de- 
sired period of contact, the action of BPL was 
stopped by the addition of sodium thiosulphate, 
which in the quantities used had no sporistatic 
or sporicidal activity. When sterile milk was the 
substrate, the pH was adjusted to 6.8 before 
treatment to preclude precipitation of the casein. 
Spore counts in plates or tubes were made before 
and after treatment. The counting medium for 
B. subtilis, B. cereus, B. stearothermophilus, and 
Esch. coli was glucose nutrient agar containing 
0.1% soluble starch. The clostridia were counted 
in Prickett tubes containing Yesair pork infusion 
agar with 0.1% starch plus 0.1% filter-sterilized 
NaHCO, and sealed with 1.5% agar containing 
BBL thioglycollate supplement 


spores were produced, 
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* Obtained through the courtesy of Dr. T. L. 

Gresham, B. F. Goodrich Research 

Brecksville, Ohio. 
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B-PROPIOLACTONE AND Bac TERLALESPORES 


RESULTS 
BPL, in aqueous substrates, at room 


temperatures and above, undergoes 


rapid hydrolysis with decrease in pH. 
The reaction proceeds as follows: 
(+H,0) 


O C=O 


p propiolactone 


HOCH,CH,COOH 


Hydracrylic acid 
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the alter 5 
hours, which suggests that they differ in 
the 
period of contact beyond 2 hours had 


survived treatment, even 


some way from majority. The 


little influence upon the final result, 


HO(CH,CH,COO),H 


Hydraerylic acid 


HA) polymer 


CH,=CHCOOH 


\crylie acid 


The principal product of hydrolysis is 
hydracrylic acid with traces of acrylic 
acid and hydracrylic acid polymer. The 
rate of hydrolysis or disappearance of 
BPL is very dependent upon tempera- 
ture and is greatiy increased in the 
presence of salts, amines, and mercap- 
tans. 

Time survivor curves are shown (fig. 
1) for the spores of 3 species, at 37 C in 
skim milk containing 0.3% BPL. Under 
these conditions, the drug was rapidly 
sporicidal for each organism. The spores 
did not die at a uniform rate, although 
the death rate was essentially linear 
for 99+ % destruction. A few spores 


since by this time hydrolysis of the BPL 
was practically complete and the prod- 
the unlike the 
degraded compound—have little or no 
The majority of 
spores of B. subtilis were more resistant 
to BPL than those of Cl. botulinum or 
the ultra-heat-resistant B. stearothermo- 
philus (1518). Figure 2 shows survivor 
curves of the resistant B. subtilis (15u) 
strain treated with BPL in distilled 
water, in nutrient broth and in skim 
milk, following preliminary 


ucts of reaction un- 


sporicidal activity. 


sublethal 
heating of the spores in the test me- 
diums;: the lower spore survival in the 
nutrient broth as compared with dis- 
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-The effects of B-propiolactone (0.3%) on bacterial spores in skim milk at 37 C. 


3 
| | 
\ \ | | | | 
‘A 
Cl. 
> »\ | 


214 HAROLD R. CURRAN AND FRED R. Evans 

= 
WwW 
=4 HAN ——0.2 %BPL in water — 
j 
° 
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TIME (HOURS) 


Fic. 2.--Sporicidal activity of 8-propiolactone for B. subtilis (15u) in distilled water, nutrient 


broth, and skim milk at 37 C, 


tilled water may be attributed, entirely 
or in part, to the greater heat activation 
of the spores in the nutrient medium. 
Skim milk treated with 0.2% BPL, with 
the pH adjusted to that of untreated 
milk, supported active growth of Esch. 
coli (223), although multiplication was 
much less rapid than in the control; 
the spores of B. subtilis (15u) became 
heat-labile as rapidly in the treated 
milk as in the control. 

In figure 3 is shown the sporicidal 
activity of BPL in relation to its con- 
centration. Rapid and marked destruc- 
tion of the spores occurred only at the 
higher concentration levels. The pro- 
nounced effect of temperature upon the 
activity of BPL is shown (fig. 4). At 
3 C, relatively few spores became non- 
viable over the 5-hour period, whereas, 
at 25 C, and higher, sporicidal activity 
was greatly increased, indicating a near- 
to-normal temperature coefficient. The 
changes in pH reflect progressive stages 
in the hydrolysis of BPL (fig. 5); at 3 C, 
the pH changed but slightly, indicating 


3 4 5 6 


that most of the drug remained in the 
undegraded form, although as already 
noted, very little sporicidal activity 
occurred at this temperature. At 25 and 
37 C, the pH dropped rapidly, yielding 
curves not unlike the activity curves 
for these temperatures. Hydrolysis of 
BPL was only slightly more rapid at 45 
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Fic. 3,—The effect of varying concentrations 
of 8-propiolactone on its sporicidal activity for 
B. subtilis (15u) in skim milk at 37 C. 
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Fic. 4.—The effect of different temperatures upon the sporicidal activity of 8-propiolactone (0.3%) 


for B. subtilis ((S5u) in skim milk 


than 37 C, although the spores died 
much more rapidly at the higher tem- 
perature. 

It has been seen that BPL is rapidly 
sporicidal at 0.2 to 0.4% levels in pro- 
tein mediums at 25, 37 and 45 C; also 
that such treatment was not sufficient 
to achieve sterility in the presence of a 


7.0 


46°C 
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rather heavy seeding of spores (1 K 10°/ 
ml). Higher concentrations of BPL are 
apparently not practicable for the treat- 
ment of milk, since permissible adjust- 
ment of the pH is not sufficient to 
stabilize the milk against the acid of 
hydrolysis. Nutrient broth is less sub- 
ject to this limitation and may be steri- 
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Fic. 5.—The effects of 8-propiolactone (\ .3%) on the pH of skim milk at different temperatures 
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Fic, 6.—The effects of 8-propiolactone on the subsequent heat resistance of bacterial spores. Heavy 
suspensions (7610*/ml) were treated with 8-propiolactone, sufficient to reduce the count to 1.5 
*10*/ml. After neutralization, the treated spores, together with untreated control spores were 
suspended in phosphate buffer at pH 7.0 and heated. 


lized by BPL, although relatively high 
concentrations are required (table 1); a 
lighter spore load and/or a longer period 
of contact might be expected to reduce 
the quantity of BPL required, In this 
experiment, sporeclumps in the inoculum 
were not broken up before use, and the 
test suspensions were not activated by 
heat before chemical treatment. 

It is well known that spores which 
survive a particular destructive agent 
may be more easily killed by a second 
quite different lethal influence than are 
untreated or control spores. It is also 
recognized that when spores are ex- 
posed to the combined action of certain 


Tasie |.—Sporicidal activity of 8-propiolac- 
fone in nutrient broth 


Viable spores after treat 
ment with Propio 


Organism lactone 

0.5% 1.0% 1.8% 

per mi per ml per ml 
coreus (401) 0 0 0 
B. subtilis (6634) 0 0 0 
B. subtilis (6051) 4100 6 0 
B. subtslis ” 0 0 
B. stearothermophilus (1518) 1240 1 0 
Cl. botulinum (602A) 2” 0.3 
CL. app. (3679) 6 0 


Viable spores before treatment 1 X10*/ml, 
Exposure time 40 minutes, temperature 37 C, 


lethal agents, the sequence of treatment 
materially affects the number of spores 
which will survive the treatment.’ When 
spores were treated with BPL and then 
heated at 100 © (fig. 6), they become 
nonviable much more rapidly than 
spores similarly heated without previous 
exposure to BPL. This effect was evi- 
dent after a short coming-up-to-tem- 
perature period; differences in the slopes 
of the control curves reflect inherent 
differences in the heat resistance of the 
two cultures. Somewhat analogous re- 
sults have been reported by Smolens 
and Stokes,'® who found that virus- 
infected serums could be sterilized by 
the combined use of ultraviolet irradia- 
tion and BPL—a result not accom- 
plished by the use of either agent, ap- 
plied separately. 


9. Curran, H. R. and Evans, F. R. 1938, Sensi- 
tizing bacterial spores to heat by exposing 
them to ultraviolet light. J] Bact. 36: 455 
465 

10 Smolens, J. and Stokes, J. 1954, Combined 
use of ultraviolet irradiation and beta- 
propiolactone sterilization of sera infected 
with a virus. Proc. Soc. Exper. Biol. & Med 
86: 538-539. 
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DISCUSSION 


The present experiments have shown 
that resistant bacterial spores of varied 
species may be rapidly killed by BPL 
in organic as well as inorganic substrates. 
Published reports have indicated low 
residual toxicity for animals*44.7.% and 
apparent minimal change in the con- 
stituent proteins.’ In keeping with 
these findings, we observed that lactone- 
treated milk, when neutralized, supports 
active bacterial multiplication and spore 
germination. The acid formed by the 
hydrolysis of BPL may preclude its use 
for the sterilization of certain delicately 
balanced systems, even with compensa- 
tory adjustment of the pH. The effec- 
tiveness and BPL 


apparent utility of 


for the sterilization of blood and plasma 


have been indicated,?**7 and there is 
evidence that this lactone may be used 
to sterilize arterial homografts without 
impairing their function;"""* in one 
study the transplants were inoculated 
with spores (Trafas et al)." 

The activity of BPL against fungi 
and bacteria led Bernheim and Gale" 
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to suggest its use as a skin disinfectant. 
Chis application would appear to be 
unpromising, since the undegraded com- 
pound applied to the skin of rats has 
been reported to produce local sarco- 
mata.'? The possible use of BPL in the 
sterilization of instruments 
Perkins'* has 
stated that “the commonly used meth- 
ods of sterilization of surgical instru- 


surgical 


might be considered, 


ments in boiling water or immersion in 
chemical solution are not adequate for 
the destruction of infectious hepatitis 
virus in the presence of organic matter.” 
BPL, in sterilizing concentrations, did 
not corrode test instruments when the 
period was not prolonged. 

The exact mechanism of action of 
BPL is not known. According to Trafas 
et al‘ the compound splits on either side 
of the oxygen ring and attaches to all 
the free reacting groups of protein ma- 
terials. In its reaction with wool (a non- 


BPL 


various amino acid side-chain groups, 


aqueous system) attaches to 


which is followed by an ‘‘anchored”’ 


polymerization at these sites (Jones and 
Lundgren).'® Studies on fungi (Bern- 
heim and Gale" and Gale*’) suggest that 
the cell surface or membrane is a pri- 
mary site of action; this is reflected in 
the oxygen uptake and deamination of 
amino acids by intact and by ground 
cells following treatment. 


17. Walpole, A. L., Roberts, D. C., Rose, F. L., 
Hendry, J. A. and Homer, R. F. 1954, Cyto 
toxic agents: IV. The carcinogenic actions 

of some monofunctional ethyleneimine deriv 

atives. Brit. J. Pharmacol. 9: 306-323 

Perkins, J. J., 1954, Antiseptics, disinfec 
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SUMMARY 

The effects of B-propiolactone (BPL) 
on the viability of bacterial spores were 
studied. Under suitable conditions, BPL 
rapidly killed resistant bacterial spores 
in water, milk, and nutrient broth; a 
small proportion of the population was 
more resistant than the majority and 
survived low or medium concentrations 
of the drug. Relatively high concen- 


trations of BPL (1.0 to 1.5%) rapidly 
sterilized nutrient broth containing 
spores (1X10*/ml). Sporicidal activity 
of BPL was greatly enhanced by in- 
creases in temperature from 3 to 45 C. 
In aqueous substrates at room tem- 
perature and above, BPL was rapidly 
converted into compounds which had 
no sporicidal activity. Some possible 
applications of the drug are discussed. 
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HEAT RESISTANCE OF SEVEN STRAINS OF HISTOPLASMA 


Cc, J. KAO AND JAN SCHWARZ 
From the Clinical Laboratories, Jewish Hospital, Cincinnati, and the Laboratory of Mycology 
(Departments of Dermatology and Pathology), Cincinnati Gencral Hospital, Cincinnati, Ohio 


Drouhet and Schwarz (1956) have re- 
cently studied the cultural characteris- 
tics and virulence of different strains of 
Ilistoplasma capsulatum. However, the 
effect of temperature on these strains 
has not yet been investigated. The pur- 
pose of this study is to determine the 
heat strains of 
H. capsulatum and its possible relation- 
ship to virulence. 


resistance of different 


MATERIALS AND METHODS 


Five American and two African strains of H. 
capsulatum were used for this study. Their origin 
is shown in table 1. The yeast phase of each of 


TABLE 1.—Origin of the strains. 


Strain 27 From dog, disseminated lethal disease, Cin 
cinnati 

Strain 74 Human strain, Georgia (Dr. Emmons 6621) 

Strain 63 From chronic cavitary pulmonary histo 


_ plasmosis, Cincinnati 
From London School of Hygiene and Tropical 
Medicine, human case, Africa (Chertsey) 


Strain 6522 


Strain 18 From acute lethal human histoplasmosis, Cin 
cinnati 
Strain 35 From chronic cavitary pulmonary histoplas 


mosis, Cincinnati 
Human localized histoplasmosis from Africa 
(Dr. Vanbreuseghem ) 


Strain 44 


these strains was grown on Kurung’s egg medium 
(1954) for one week. A loopful of each culture 
was suspended in 1 ml of sterile saline in a Was- 
sermann tube and covered with a metal cap. A 
set of 6 tubes of saline suspensions from each of 
the 7 different strains was thus prepared. They 
were then placed in a water bath at 6 different 
temperatures: 45 C, 50 C, 55 C, 60 C, 65 C, and 
70 ©. Cultures were made at 1, 5, 10, 20, 30, and 
60 minute intervals from each tube by taking 
out one loopful of the suspension and inoculating 
it on Sabouraud’s glucose agar (containing 20 
units of penicillin and 40 units of streptomycin 
per ml). Controls were made from all tubes be- 
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fore placing them into the water bath. In order 
to evaluate the effect of saline on the yeast cells 
of H. capsulatum, a suspension of strain 27 was 
prepared and kept at room temperature. Cultures 
were made at the end of 14, 2, 24, and 3 hours, 
All cultures were kept at room temperature and 
readings were made weekly. The final record was 
taken at the end of the 6th week. 


RESULTS AND DISCUSSION 


Findings are summarized in table 2. 
Our results indicate that all strains ex- 
cept strain 74 survive at 45 C for 60 
minutes, but all are destroyed at 50 C 
for the same period of time. Strains 18, 
35 and 74 can stand a temperature of 
60 C for 1 minute, but are killed at this 
level in 5 minutes. All other strains 
perished at 60 C for 1 minute. All 7 
strains tested were killed when kept at 
55 C for 20 minutes. This agrees some- 
what with DeMonbreun’s report (1934) 
that 17. capsulatum can be destroyed at 
a temperature of 55 C for 30 minutes. 
According to Beamer, Smith and Bar- 
nett (1944), I. capsulatum was viable 
after heating at 62 to 63 C for 10 min- 
utes. However, this result cannot be 
compared with our findings since in their 
experiment the organism was suspended 
in milk. 

In general, different 
strains to heating varied. The lethal 
level for strains 18 and 74 was 65 C for 
1 minute, but for strains 6522, it was 1 
minute at only 55 C. Although strain 
74 was able to survive 60 C for 1 min- 
ute, it 


response of 


was the only strain which was 
destroyed at 45 C after 60 minutes. 
No definite correlation was found be- 
tween the temperature resistance of dif- 
ferent strains and their virulence. The 
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TABLE 2.—-Results of heat resistance of 7 strains of H. capsulatum. The order of the listed 
strains is based on the virulence. 


Strains Temperature Control 
27 45¢ ++ ++ + 
50 ¢ ++ ++ + 
55 ¢ ++ + 
+ + 
65 ++ 
70¢ ++ 
i4 45 ¢ ++ ++ + 
50 ¢ ++ 4 + 
55 ¢ ++ ++ 
+--+ + 
65 ++ 
70¢ ++ 
6% 45 ¢ + 4+ ++ + 
so ¢ ++ +4 + 
55 ¢ ++ + 
of 
65 ¢ ++ 
70¢ +4 
6522 45¢ + 4+ +--+ + 
sO ¢ 4+ 4 +4 + 
55 ¢ ++ 
++ 
65 ¢ ++ 
70 ¢ ++ 
++ ++ + 
SO ¢ ++ + 
ss ¢ ++ +4 
+4 ++ 
6s ¢ ++ 
70 ¢ 
$5 45¢ +4 + 
50 ¢ 
sac ++ 
ot 4 + 
65 ( 
7c 
“4 45 + ++ + 
50 ¢ ++ ++ + 
ssc + + 
00 + 
65 
++ 
25 ¢ ++ 


. No growth, +, growth, + +, good growth. 


most virulent strain, S-27, did not pos- 
sess special characteristics of resistance 
or sensitivity to high temperature. 
Similarly, no definite pattern of tem- 
perature response was seen from strains 
with low virulence. Though the virulent 
strains 27 and 63 had a similar tempera- 
ture response, there was no consistent 
difference in temperature resistance be- 
tween these two strains and the aviru- 
lent ones. 

Since a saline suspension of histo- 
plasma strain 27 was still viable at the 
end of three hours at room temperature, 
it is concluded that our results on heat 
resistance of seven strains of histo- 
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+ 


Time in minutes 


10 
++ 4+ ++ ++ 
++ ++ - 
+ + ++ ++ 
++ ++ + 
++ ++ +4 + 
++ + 
++ + 
++ + 
++ ++ +--+ 
+ 
+ + +4 + 
++ + + + 

2 he 2) br he 


++ r+ 


plasma were not influenced by the sa- 
line solution. 
SUMMARY 

The heat resistance of seven differ- 
ent strains of [istoplasma capsulatum 
was studied. Strains possessed indi- 
vidual variation in response to heating, 
but showed no pattern of correlation 
with virulence. In general, all strains 
tested were killed either at a tempera- 
ture of 50 C for 1 hour or at a tempera- 
ture of 60 C for 5 minutes. 
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CROSS INFECTION AMONG ANIMALS CHALLENGED 
WITH BACILLUS ANTHRACIS 


G. BRIGGS PHILLIPS, JOSEPH V. JEMSKI, AND HERMAN G. BRANT 
From Fort Detrick, Frederick, Maryland 


The occurrence vi cross infections 
among animais experimentally infected 
with bacteria, rickettsiae and viruses 
is well recognized, There is, however, a 
paucity of accurate information con- 
cerning the rates of cross infection under 
any given condition in different animal 
species infected with the same micro- 
organisms and cross infections occurring 
with different pathogens infecting the 
same animal species. An additional ques- 
tion of considerable interest is the mode 
of transmission of the infectious disease 
under any particular experimental con- 
dition. 

Previous studies have shown a high 
incidence of cross infection among nor- 
mal guinea pigs hceused in ventilated 
cages with individuals of the same spe- 
cies previously exposed to aerosols of 
Brucella suis (Phillips et al, 1955). In 
this instance attempts to recover the 
organisms from the air and surfaces of 
cages were unsuccessful. On the other 
hand, the presence of secondary aero- 
sols of Bacillus subtilis was confirmed 
in ventilated cages housing guinea pigs 
previously exposed to clouds of this 
organism, 

The present study was undertaken 
to ascertain the incidence of infection 
among cage-mates of monkeys and 
guinea pigs exposed to aerosols of Bacil- 
lus anthracis and among cage-mates of 
guinea pigs intraperitoneally injected 
with this organism. The term cage- 
mates is used to designate normal ani- 
mals placed in the same cage with ani- 
mals challenged with B. anthracis. 


Received for publication July 16, 1956. 

Presented in part at the 56th General Meeting 
of the Society of American Bacteriologists held 
in Houston, Texas, May 1956. 


Monkeys were used to study the per- 
sistence of aerosols in ventilated cages 
and to follow the presence of B. anthracis 
on animal fur and in excretions. This in- 
fectious organism was selected because 
of its resistant and persistent spores and 
its ready differentiation from the usual 
bacterial contaminants of animal cages. 


MATERIALS AND METHODS 


Guinea pigs (Hartley strain) weighing from 250 
to 350 g and monkeys, Macaca irus (cynomolgus), 
weighing from 1 to 3 kg, were used. Animals to be 
aerosol-exposed were introduced bodily for 1 to 4 
minutes into a closed exposure chamber contain- 
ing aerosols of B, anthracis spores. The aerosolized 
particles were of heterogeneous sizes. The aerosol 
concentration during exposures was from 3250 
to 108,000 spores per liter of air as determined by 
liquid impinger samplers. After exposure, animals 
were washed with filtered* air at the rate of 200 
liters per minute for 25 to 30 minutes. They 
then were transferred to closed holding cages 
housing the cage-mate animals. These cages were 
ventilated at the rate of 57 liters per minute during 
the entire holding period. Animals were fed and 
watered daily and held in the original cage until 
death or through the 15th holding day. All ani- 
mals dying within the designated holding period 
were necropsied. Gross pathology and the results 
of cultures and smears of the heart's blood and 
spleen were used as the diagnostic criteria of an- 
thrax infection. 

Most of the cage-mate guinea pigs (62%) and 
monkeys (87%) were placed individually in hold- 
ing cages with 1 aerosol-exposed animal. The re- 
maining cage-mate animals were housed singly 
with aerosol-exposed animals 

In one experiment, 4 monkeys were exposed 
to a mixed aerosol of B. anthracis spores and B. 
subtilis var niger spores and placed with cage- 
mates in ventilated cages. To detect the presence 
of secondary cage aerosols, sieve air sampling de- 
vices (duBuy and Crisp, 1944) containing blood 
agar plates were adapted to the cages by means 
of inverted glass funnels in a manner similar to 


* Aerocor type PF 105 filter media manu- 
factured by Owens-Corning Fiberglass Corp., 
Toledo 1, Ohio. 
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Animals per cage 


Control Exposed Intected /total 
74,129 
2 1 96 
4 66 192 
5 1 1 40/91 
Totals 


230 / 508 


that described by Decker et al (1954). Exhaust 
air from the cages was sampled several times 
each day on designated days and the culture 
plates examined for B. anthracis and B. subtilis 
colonies after 48 hours incubation at 37 C. 

Additional experiments were carried out with a 
group of monkeys exposed to aerosols of B. 
anthracis and caged with their cage-mates in 
order to investigate the presence of this organism 
on fur, in saliva and rectal contents while housed 
in ventilated cages. Cn each day of the holding 
period, saliva samples were obtained from the 
aerosol-exposed and from the cage-mate animals 
by sampling the inside of the mouth with a sterile 
swab. Fecal samples were obtained by the use of 
a rectal swab. For detection of fur contamination, 
swab samples were obtained from the outer 
aspects of the head and from the region of the 
thorax. Samples from all cage-mate monkeys 
were taken prior to their placement in holding 
cages and these samples were negative. 

To detect the of infection 
among intraperitoneally infected guinea pigs, 
one cage-mate guinea pig was placed in each 
open cage housing 10 guinea pigs injected intra- 
peritoneally with from 18 to 18,000 B. anthracis 
spores. A total of 20 cages were employed for a 
holding period of 15 days, during which time the 
air above the cages, and surfaces in the cages, 
were sampled for B. anthracis, 


incidence cross 


RESULTS 
Incidence of cross infection.—The re- 
sults of cross infection in cage-mate 
monkeys are shown in table 1. Among 
those animals exposed bodily to aerosol 
of B. anthracis, 45.3% died of anthrax. 


CRosS INFECTION Witu B 


Aerosol exposed animals 


INTHRACIS 


Cross infection of normal cage-mate monkeys (Macaca irus) with B. anthracis. 


Cage mate animals 


Percent infected Infected total Percent infected 


57.4 16/48 43.4 
6/96 6.3 
4.4 5/108 4.6 

3/42 9.4 
4.0 8/85 9.4 
45.3 38/309 10.3 


The incidence of anthrax infection 
among all 
10.3%. The infection rate was 
greater when 3 instead of 1 aerosol- 
exposed animal was placed in each cage 
with the cage-mate. 


cage-mate monkeys was 


Cross 


In table 2 a cross infection rate of 
8.7% occurred in cage-mate guinea pigs 
housed with three aerosol-exposed ani- 
mals, whereas the cross infection rate 
varied from 0 to 4.9% when one cage- 
mate) animal was held in a cage with 
one aerosol-exposed guinea pig. The in- 
cidence of infection in guinea pigs ex- 
posed to aerosols of B. anthracis was 
21.1% as compared with 45.3% in ex- 
posed monkeys. 

In experiment 6 (table 2), 36.5% of 
the guinea pigs injected intraperito- 
neally died of anthrax during the 15-day 
holding period. “ne of the cage-mate 
animals died, even though 10 injected 
animals were caged with each cage- 
mate. This, however, is not surprising 
since B. anthracis organisms were not 
recovered from the air or from cage sur- 
face samples. 

Presence of cage aerosols.--The re- 
sults, averaged from periodic sampling 
of 4 ventilated monkey cages, are sum- 
marized in figure 1. Aerosols were de- 
tectable for 9 days, although the bac- 


TABLE 2.—Cross infection of normal cage-mate guinea pigs (Hartley strain) with B. anthracis. 


Animals per cage 


Aerosol-exposed animals 


Cage-mate animals 


Exp 
Control Exposed Infected /total Percent infected Infected /total Percent infected 
: 1 1 3 128/571 22.4 17/195 8.7 
1 1 7/54 13.2 0/9 0.00 
4 1 i 56/20 20.0 8/240 2.9 
Totals 191/904 21.1 25/514 4.9 
Intraperitoneally injected animals* 
6 1 10 73/200 46.5 0/20 0.00 


* Guinea pigs administered from 18 to 18,000 spores each 
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OLONIES PER LITER OF AIR 


AVERAGE NUMBER 


Day 


Fic. 1. 


keys exposed bodily to spore ciouds. 


terial concentration was relatively low 
after the first 4 days. The disappearance 
of the pathogen (B. anthracis) paralleled 


the disappearance of the nonpathogen. 
Again, it should be noted that B. anthra- 
cis organisms were not recovered from 


the air above the cages and from the sur- 
faces in the experiments with injected 
animals, 

Swab sampling tests.-The results 
obtained from the head, thorax, saliva 
and rectal swabs are shown in figure 2. 
The values recorded for the cage-mate 
animals on the 2nd day represent 24 
hours contact with the exposed animals. 
Comparison with the results presented 
in figure 1 shows the close approxima- 
tion of the decrease in positive swab re- 
sults obtained after the 4th day with the 
disappearance of the cage aerosols. Re- 
covery from the cage-mates practically 
equalled that from the aerosol-exposed 
animals from the 2nd through the 5th 
day. The significant number of positive 
findings in the saliva and from the rectal 


+ 


OF TEST 


Recovery of aerosols of B. anthracis and B. subtilis from ventilated cages housing mon- 


swabs of the aerosol-exposed animals on 
the 1st day (actually 18 hours after the 
exposure) indicates that many of the 
spores were ingested during and after 
the exposure period. 


DISCUSSION 


The results of the experiments with 
aerosol-infected monkeys and guinea 
pigs show that cross infection with B. 
anthracis of communally housed indi- 
viduals (cage-mates) of the same species 
occurs at a significant rate. In these ex- 
periments death of the cage-mate ani- 
mal was the criterion for the occurrence 
of cross infection. These results confirm, 
in principle, one experiment reported by 
Druett et al (1953) on respiratory an- 
thrax infection of guinea pigs in which 
they observed a 12°, death rate among 
cage-mate animals. 

In our studies no experiments were 
conducted to determine how long ani- 
mals must be kept after exposure to 
aerosol before there is no possibility of 
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Cross INFECTION WITH B. ANTHRACIS 


AMPLES 


m 
oO 


PERCENT OF 


SALIVA 


HOLDING 


Fic. 2. 


TIME 


4 2 3 4 ? 
IN DAYS 


Recovery of B. anthracis from the body, head, feces and saliva of aerosol-exposed and nor 


mal cage-mate monkeys. Solid line =aerosol-exposed monkeys; dotted line =< age-mate monkeys, 


The 


from sampling the animals and _ their 


cross 


infection. results obtained 
cage air would indicate, however, that 
the chance of cross infection is reduced 
after holding in ventilated cages for at 
least 4 days. The decrease in the number 
of positive air and swab samples during 
the first 4 days of the holding period 
may be attributed to a combination of 
factors, namely: the death of many of 


the aerosol-exposed animals, inhalation 


of cage aerosols with subsequent reten- 


tion, die-off of B. anthracis, removal of 


spores by swabbing techniques and 
impingement of spores on the cage walls 
and exhaust filters. 

The fact that B. anthracis was not re- 
covered from cages housing intraperi- 
toneally injected guinea pigs indicates 
that the organisms may not reach the 
respiratory and alimentary tracts to be 
excreted to any significant degree. As 
shown in table 2, none of the « age-mate 


guinea pigs died even when caged 1 to 
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10 with injected animals, but approxi- 
mately 9% of the cage-mates died when 
housed 1 to 3 with aerosol-exposed ani- 
mals. 

It appears from cur findings that 
cross infection of cage-mate animals 
is due primarily to the inhalation of 
secondary aerosols. Air-borne droplet 
nuclei may originate from fur contam- 
ination, contaminated saliva and from 
excretions harboring the infectious or- 
ganisms. These considerations suggest 
the need for exposure of animals to low 
concentration aerosol for extended pe- 
riods of time and comparison with re- 
sults obtained when animals are ad- 
ministered equivalent doses in shorter 
time periods. [t also would be interest- 
ing to determine whether cross infec- 
tions would occur in cage-mates housed 
with animals infected by other routes. 

The formation of secondary aerosol, 
as evidenced by the occurrence of cross- 
infections, may render experimental re- 
sults unreliable. In addition, in the case 
of organisms infectious for man, such 
aerosol creates a hazard to the health of 
the experimenter. The design of aero- 
biological experiments should be guided 
by these considerations. Even if aerosol- 
exposed animals are individually main- 
tained, there is no assurance that sup- 
plementary doses from secondary aero- 
sol may not influence their response to 
infection. 


SUMMARY 


In experiments with B. anthracis, 
cage-mate monkeys (Macaca irus) were 
housed with aerosol-exposed animals of 
the same species. The cross infection 
rate, as measured by death from an- 
thrax, was 10.3%. The cross infection 
rate was higher when 3 aerosol-exposed 
monkeys were housed with 1 cage-mate 
animal (33.3%), than when one aerosol- 
exposed animal was housed with each 
cage-mate (7.4%). 

When cage-mate guinea pigs were 


housed with aerosol-exposed animals, 
4.9% contracted anthrax and died. 
Again the cross infection rate was 
higher when 3 aerosol-exposed guinea 
pigs were housed with each cage-mate 
animal (8.7%), than when 1 aerosol- 
exposed animal was held in each cage 
with 1 cage-mate (1.4%). Among the 
animals exposed in the aerosol chamber, 
45.3% of the monkeys and 21.1% of the 
guinea pigs contracted anthrax and 
died. Cross infection in guinea pigs 
intraperitoneally injected with B. an- 
ihracis did not occur even when as many 
as 10 injected guinea pigs were held in 
one cage with the control animal. 

Acrosols of B. anthracis in decreasing 
amounts were recovered from ventilated 
cages of aerosol-exposed monkeys for 9 
days following exposure, but not from 
open cages containing intraperitoneally 
injected guinea pigs. B. anthracis could 
be recovered from the body, head, feces 
and saliva of aerosol-exposed monkeys 
and from their cage-mates for 4 days 
following exposure. 

From these findings it is concluded 
that cross infection occurs by inhala- 
tion of secondary aerosol. The influence 
of such aerosol on the reliability of re- 
sults from experimental infections and 
its role as a health hazard to experi- 
menters is pointed out. 
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FACTORS INVOLVED IN THE TRANSMISSION OF PASTEURELLA 
TULARENSIS FROM INOCULATED ANIMALS TO HEALTHY 
CAGE MATES 


CORA RK. OWEN AND EMERY O. BUKER 


From the U.S. Department of Health, Education, and Welfare, Public Health Service, 
National Institutes of Health, National Institute of Allergy and Infectious Diseases, 


In 1922, Francis and Lake! reported 
the results of a study of the mechanisms 
by which Pasteurella tularensis may be 
transmitted from infected mice to 
normal mice caged with them. They 
concluded that the mouse louse, Poly- 
plax serrata (Burm.), with which their 
mice were constantly infested, was 
principally involved, although canni- 
balism of infected carcasses could also 
play a role in this contagion-infection. 

At this laboratory, mice are used in 
titrations of the virulence of strains of 
Past. tularensis by comparisons of the 
susceptibilities of laboratory animals* 
and in potency tests of tularemia vac- 
cines.*- Normal mice are highly sus- 
ceptible to Past. tularensis and succumb 
to the administration of only one cell of 
most strains of this organism. Thus, the 
critical dilutions in titrations are those 
at which a mouse might or might not 
have received an organism in the inocu- 
lum. Since death from Past. tularensis 
infection is the criterion on which end 


1. Francis, E. and Lake, G. C, 1922, Tularemia 
Francis 1921. A new disease of man. V. Trans- 
mission of tularemia by the mouse iouse, 
Polyplax serratus (Burm.). Hygenic Lab. Bull. 
no. 130, U. S. Pub. Health Service, Treas. 
Dept. pp. 38-44. 

2. Bell, J. F., Owen, C, R. and Larson, C. L. 
1955, The virulence of Bacterium tularense. 1. 
A study of the virulence of Bacterium tularense 
in mice, guinea pigs, and rabbits. J. Infect. 
Dis. 97: 162-166. 

3. Bell, J. F., Larson, C. L., Wicht, W. C. and 
Ritter, S. S. 1952, Studies on the immuniza- 
tion of white mice against infections with 

Bacterium tularense. J. Immunol. 69: 515-524. 
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points of titrations are based and since 
results obtained with mice serve as the 
baseline for titrations in other animals 
in determinations of virulence,? con- 
tagion-infection of originally uninfected 
animals would raise the titers of the 
suspensions tested. Also, the tests of the 
efficacy of different preparations of 
tularemia vaccine are based on survival 
of mice after challenge with decimal 
dilutions of Past. tularensis suspensions, 
If a vaccinated mouse, capable of with- 
standing the particular dose of Past, 
tularensis that it has received, receives 
a further dose by contagion-infection 
and succumbs, the apparent efficacy of 
the vaccine is decreased, 

Therefore, a study has been made of 
the frequency of such contagion-infec- 
tion in both normal and vaccinated 
mice, of the times of death from such 
infection in relation to the standard 
14-day period of observation of the 
animals, and of the mechanisms by 
which it occurs. 


MATERIALS AND METHODS 


Swiss white mice were obtained from the 
colony maintained at the Rocky Mountain Labo- 
ratory. They were caged in heavy wide-mouthed 
glass jars, 7 inches in diameter and 7} inches 
high, containing a litter of beet-pulp, and 
watered from long-stemmed glass bottles sup 
ported on the perforated metal covers 


The vaccinated mice used in some experiments 
were immunized 2 weeks before test by intra- 
peritoneal injection of ether-extracted vaccine. 

The strains of Past. tularensis employed were 
the highly virulent Schu and Nevada 14 and the 
moderately virulent 425-F4G. One cell of either 
of the 2 former strains is sufficient to kill a mouse, 


_ 
. 
a 


228 Cora R. OWEN AND Emery O. BUKER 


guinea pig, or rabbit. Strain 425-F4G is equally 
virulent for mice but 10° cells are required to kii! 
a guinea pig and 10° or more cells to kill a rabbit.? 
This last strain is routinely used as challenge 
agent in potency tests of vaccine preparations. 
These strains were stored on cystine-glucose- 
blood agar (CGBA) at 4 C. Twenty-four-hour 
subcultures at 37 C on the same medium were 
harvested in saline, washed once, and standard- 
ized by optical density to contain approximately 
5.010* cells/0.1 ml. Decimal dilutions were 
prepared from these suspensions and 0.03, 0.1, or 
0.2 ml of chosen dilutions were injected sub- 
cutaneously into the animals. 

Two methods were used to investigate the oc- 
currence of contagion-infection: ' 

1. Injected normal or vaccinated mice were 
caged with uninjected normal and/or vaccinated 
mice to a total of 6 mice/jar. The fur of the non- 
injected animals was colored to distinguish them. 
Deaths and signs of cannibalism were recorded 
during the 21-day period of observation. Spleens 
of dead uninoculated animals were cultured on 
CGBA for Past. tularensis. 

2, Groups of 36 normal or vaccinated mice 
were inoculated with dilutions of a suspension of 
Past. tularensis near the expected end-point of 
the suspension employed. Of the 36 mice which 
received each dilution, 18 were caged in groups 
of 6 and 18 were caged singly and deaths were re- 
corded for 21 days. The range of times of death 
and the average mouse-days survival times were 
then compared 

Methods of investigating the mechanisms of 
contagion-infection were: 

1. Feeding normal mice, which had been de- 
prived of food for 24 hours, on pellets soaked in 
low dilutions of a suspension of the Schu strain. 

2. Offering similar suspensions to mice de- 
prived of water. 

3. Offering the carcasses of mice dead after in- 


jection of Past. tularensis to normal mice de 
prived of food. 

4. Injecting normal mice with suspensions of 
pools of mites or lice removed from mice dead 
after infection with Past. tularensis, or infesting 
them with such living ectoparasites. 

5. Strapping normal mice in glass or wire-mesh 
tubes in near contact, nose-to-nose, with mori- 
bund infected mice and removing them for ob- 
servation after the deaths of the latter. 


RESULTS 


The data presented in table 1 show 
that an appreciable percentage of nor-_ 
mal and vaccinated mice, caged with 
mates infected with Past. tularensis, 
succumbed to the infection. With strain 
425-F4G, which was tested most fre- 
quently because of its use in tests of 
vaccine potency, from 0 to 49% of 198 
normal mice and from 0 to 12.5% of 
129 vaccinated mice died; with all 
strains employed, 57 (23%) of 249 
normal and 9 (4%) of 204 vaccinated 
animals succumbed. 

In table 2 it is demonstrated that the 
majority of deaths in uninoculated mice 
occurred during the standard 14-day 
period of observation. Thirty-six of 57 
deaths among the normal and 6 of 9 
deaths among the vaccinated animals 
occurred by the 14th day. The earliest 
deaths of uninjected animals occurred 
on the 8th day. 

Table 3 lists the times of death in 
mice injected with dilutions of sus- 


TaBLe 1,—Deaths of normal and vaccinated mice caged with mice inoculated with Past. tularensis 


Strain 
Past 
fularensis 


Inoculum 


mal Injected 


Total® Percent 


425.F4G o4 

100 

95 

9) 

§ 100 

Subtotal % 
425.F4G 0.03T 47 
Sehu 0.2 100 
Nevada 14 0.2 92 
Total 


* Total: numerator «number of mice dead, denominator 
7 All mice in this experiment were vaccinated, 


Deaths of mice 
Normal Vaccinated 
Total® Percent Total* Percent 
“4 
9 


0; 


“number of mice injected or exposed 


i 
‘ 0/24 0 
18 0 O/18 
1/24 4 2/24 
me" 1/24 4 0/24 0 
1/15 7 0 
47/198 a4 §/129 
4/75 5 
2/15 is 
8/% 22 
57/249 23 9/204 


‘TRANSMISSION OF 


TABLE 2.-—Deaths of normal and 


PAST, TULARENSIS 


vaccinated mice after 14 and 21 days 


exposure to mice inoculated with Past. tularensis. 


Strain of 
Past 
tularensis 


Number of 
mice per 
group 


Injected 


14 days 21 days 


425-F4G 


Subtotal 
425-F4G 
Schu 
Nevada 14 

Total 


* Total vaccinated mice: 129 
+t Grand total vaccinated mice: 204 
T All mice in this experiment vaccinated, 


the Schu 425-F4G 
Past. tularensis and caged 


pensions of and 


strains of 
either singly or in groups of 6. (The 
results with strain Nevada 14 were very 
similar to those with strain Schu and 
are the table.) 
Deaths among singly-caged mice inocu- 
lated with higher dilutions of the Schu 
strain occurred within a few days and 


omitted to simplify 


then ceased, while in the group-caged 
occurred 
late as 17 davs after injection. With 
strain 425-F4G, deaths in singly-caged 


animals, isolated deaths as 


animals occurred over a longer period 


lance 3.—Times of death of mice 


Percent mice dead in: 


Normal Vaccinated 


14 days 21 days 14 days 21 days 


23 
38 


49 
38 
4 4 
0 
0 ‘4 
0 4 
7 


but none was delayed beyond the 14th 
day; in group-caged mice, deaths oc- 
curred at intervals for as long as obser- 
vation was continued. When vaccinated 
mice were challenged with strain 425- 
4G and caged similarly, this difference 
between the two categories was not 
marked. 

In table 4, the average mouse-days 
survival times of the two categories of 
the above mice are compared. These 
times were similar in mice injected with 
the lowest dilutions employed, whereas, 


with the higher dilutions, those of group- 


injected with dilutions of suspensions 


of Past. tularensis and caged singly or in groups of 6 


Strain of 
Past 
tularensis 


Number 


per 


Deaths 
is 12 


Schu 


All mice 
vaccinated 


on day after injection 


Deoths 


6 #17 tal Percent 
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: 
69 91 o4 
a4 100 100 is 
24 100 100 0 0 
18 95 95 0 0 
24 88 92 
26 0 0 
15 100 100 0 0 
75% 43 47 5 
15 100 100 13 15 
6 92 19 22 
a 
Dil 
tions = 
cage 8 9 #10 
6 $5 8/6 97 
1 45 6 97 
10° 6 18 1 i 67 
1 19 210% 
6 ! 6 
1 1 2M 6 
10 6 1 1 12/18 67 
i 4 1 2 41/54 16 
6 10 6 2 1 1 10 
1 79 4 64 
10! 6 | 24/46 64 
6 66 ‘ ! 14% 67 
1 ‘ 2 1 72 
6 5 4 16/% “4 
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TABLE 4.—Average mouse-days survival time of 
mice inoculated with Past. tularensis and caged 
singly or in groups of 6. 


Die. Number of Difference 


Past. tom , mice per cage Six 
tion minus 
tularensis in mi 6 ene 
Schu 0.2 10* 5.4 5.4 
10° 7.7 6.45 +1.4 
10" None 6.5 
dead 
10* 5.6 5.8 —0.2 
7.6 6.2 +1.4 
io” None 
dead 
Nevada 14 0.2 10’ 4.7 4.9 0.2 
10* 5.3 5.9 0.6 
10° 7.3 6.1 +1.2 
io 7.7 7.2 +0.5 
0.2 1o* 6.1 6.4 
10° 9.1 8.1 +1. 
10 13.3 9.0 +4.3 
10* 7.1 7.2 —O.1 
10° 4.9 4.2 +0 
8.0 4.0 0 
0.035 10% 1.1 10.9 +0.2 
10° 12.4 9.8 +2 
10* 14.1 9.0 +5.1 
10! 6.7 6.1 +0.6 
6.0 5.3 +0.7 
106 7.5 a.5 ~1.0 
6.6 7.9: 


* Mice vaccinated 


caged mice were 1 to 5 days longer. In 
the vaccinated mice, such a difference 
was not observed. 

The occurrence of contagion-infection 
having been established, the mech- 
anisms by which infection is spread from 
injected to normal animals were studied. 

In the present series of experiments, 


detectavle cannibalism seldom occurred 


TABLe 5. 
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Occurrence of cannibalism and subsequent sequences of events in normal 


and correlation with subsequent deaths 
was not marked. Table 5 lists the 
sequence of events in the 11 jars in 
which it was noted. In the first 5 cases 
listed, time intervals between mutila- 
tion of carcasses and subsequent deaths 
were such that ingestion of infected 
tissues could have been the cause of 
death; in the next 2, the interval was so 
short (2 days) that this is unlikely; in 
the following case (no. 8) no deaths 
occurred during the 16-day period of 
observation following the cannibalism. 
The last three cases are confusing. In 
two, mutilation occurred before death 
of the victims and in one of these no 
subsequent deaths occurred; in the last, 
all mice had been injected but with such 
a high dilution that death of all of them 
would not have been expected. 

In attempts to elucidate further the 
role of the oral route of infection in this 
phenomenon, mice were given low dilu- 
tions of the highly virulent strain Schu 
in their food and water. It is not known 
how long this strain will remain viable 
on mouse pellets and in some experi- 
ments the mice, although previously 
deprived of food for 24 hours, were re- 
luctant to eat the soggy mass. How- 
ever, 3 experiments with food indicated 
that, even with this highly virulent 
strain, 5.0108 or more cells/0.1_ ml 


and vaccinated mice exposed to mice injected with Past. tularensis. 


Cannibalism 


Strain of 
Case Dilu 
no tion of On 
mice day(s) 
425.F4G ior 2 infected 4 
2 10 2 infected 5 
2 infected 5.6 
4 2 infected 6,7 
5 1 infected 12 
6 iow 1 normal 19 
7 1 normal 19 
& 108 1 infected 5 
9 108 1 infected 
Dis 
infected 


Nevada 14 mor 


~ 


infected 


t Injected animals caged 6 /jar, no uninjected mice 


* T: animal living but traumatized 15th day, D: same animal dead 18th day 


Subsequent deaths 


Injected Normal Vaccinated 
Number Days Number Day(s) Number Day 

0 2 8,11 1 1 
0 2 10,14 1 14 
0 13 1 
0 2 11,21 
0 20 0 
0 1 21 0 
21 21 0 
0 0 
0 1 19 0 


9,10 


AT 

re 

q 

t 
Dis 

4 


were necessary to kill 50% of the mice. 
Among mice offered similar suspensions 
to drink, the LDgo was 4.0 K 10° cells/0.1 
ml. 

Other normal mice deprived of food 
were offered the carcasses of mice dead 
after infection with the 425-F4G strain 
of Past. tularensis. Of 41 normal mice 
treated thus, one group of 5 devoured 
the carcass almost completely; 2 of 
these mice died on the 4th day following, 
the remaining 3 on the 6th. A second 
group of 5 multilated the 
slightly; one of these mice died on the 
7th day and one on the 14th; the latter 
death may have resulted from conta- 


carcass 


gion-infection from the mouse that died 
first. Past. tularensis was recovered from 
the spleens of all of these animals. The 
remaining 31 normal mice, in 7 groups 
of 2 to 5 animals, disregarded the car- 
casses and all remained healthy. 

The possible role of ectoparasites in 
this contagion-infection with Past. tula- 
rensis was investigated. In one experi- 
ment, employing strain 425-F4G, 27 
mites (Myocoptes musculinus) from 2 
dead infected mice were divided into 2 
groups, triturated with saline, and in- 
jected into 3 normal mice/pool; and 21 
living mites were placed upon a normal 
mouse. All 7 mice remained healthy 
and Past. tularensis could not be cul- 
tured from the pools. Since these are not 
blood-sucking mites, these results were 
not unexpected 

In 3 experiments, the mouse louse, 
Polyplax serrata, was treated in the 
same manner as the mites mentioned 
above. In the first experiment, 11 pools 
of 2 to 16 lice were injected into normal 
mice and all 33 of these mice died. For 
each pool, either spleen cultures of the 
mice or cultures of the pool of triturated 
parasites or both were positive for 
However, when 244 
living lice in groups of 2 to 52 were 


Past. tularensis. 


removed from these same dead mice or 
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their cage m..es and placed on 14 nor- 
mal mice, none of these last animals 
succumbed in 3 weeks. In the second ex- 
periment, again with strain 425-F4G, 
14 pools of triturated lice were all simi- 
larly positive for Past. tularensis. Of 14 


. normal mice each infested with from 5 to 


27 living lice, only 1 died, on the 6th 
day after infestation. The spleen culture 
from this animal was overgrown with 
contaminants and none of 5 mice in- 
jected with a suspension of this spleen 
died in 2 weeks. In a similar experiment 
employing the Schu strain, several pools 
of triturated lice proved to be negative 
for Past. tularensis and, again, none of 
13 infested mice died. Thus, of 41 mice 
infested, only one died and Past. tularen- 
sis could not be demonstrated as the 
cause of death in this animal. 

Finally, the role of air-borne infection 
was studied. In the first experiment, 3 
(33%) of 9 normal mice, exposed to 
Past. tularensis by being strapped in 
tubes nose-to-nose in near-contact with 
moribund mice, succumbed on the 6th, 
7th, and 11th 


Spleen culture from one of these was 


days after exposure. 


positive for Past. tularensis, another was 
contaminated, In the second experi- 
ment, 19 normal mice were similarly 
exposed to moribund animals. Of these, 
7 (37%) died on the 4th, 5th, 7th (2), 
8th, 10th, and 12th days and all spleen 
cultures were positive for Past. tularen- 
sis. Thus, air-borne infection can also 
play a role in this phenomenon; 10 
(36%) of 28 exposed mice succumbed, 


DISCUSSION 


Both normal and vaccinated mice can 
be fatally infected with Past. tularensis 
by exposure to infected cage mates. In 
the majority of the cases (63% of the 
normal mice and 67% of vaccinated 
mice that died) these deaths occurred 
during the standard 14-day period of 
observation. Since it has been shown 


4 7 
+ 4 
om 
, 
' 


232 


that death in singly-caged mice may oc- 
cur as late as the 14th day, a shorter 
period of observation might miss some 
fatal 
No uninjected animals in this 


intentionally induced infections. 
series 
died earlier than the 8th day but, partic- 
ularly in the period between the 8th and 
10th days, 


injected animals also succumbed, even 


an appreciable number of 


among animals caged singly (see table 
3, strain 425-F 4G). 

The percentages of deaths among the 
vaccinated noninjected animals were 
not high (see table 1). In this connection 
however, two points should be kept in 
mind, Vaccinated animals have a con- 
but 
immunity: in a recent experiment with 
200 immunized 


siderable not absolute degree of 
mice 
the 
the animals 


challenged with 
2.4 10° 425-F 4G strain, 
33%, ol succumbed in 2 
weeks. On the other hand, the vacci- 


cells of 


nated mice employed in the present 
experiments were called upon to resist 
only the dose of Past, tularensis acquired 
through contagion-infection and not an 
additional dose injected during chal- 
lenge. No method of investigating this 
factor has been devised. 

The occurrence of contagion infection 
is very irregular and unpredictable. 
Whereas, one-third to one-half of the 
normal mice in one experiment may die, 
in the next, conducted under apparently 
identical conditions, few or none may 
succumb, 

It has been shown that cannibalism 
of infected carcasses is one mechanism 
by which Past. tularensis can be trans- 
mitted from injected to uninoculated 
animals. However, in view of the lack 
of deaths among the cannibalism-test 
animals in which no detectable cannibal- 
ism occurred and the low incidence of 
such the 
high incidence of infection in the un- 


detectable cannibalism and 
inoculated animals in the present series, 


it would appear that this is only one of 
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the agencies through which this phe- 
nomenon occurs. 

The role of air-borne 
transmission of Past. 
to animal 


infection in 
tularensis {rom 
to be im- 
portant; of 28 mice exposed by this 
route, 10 (36%) succumbed to tu- 


animal appears 


laremia. This high incidence may be due 


to the fact that mice confined for several 
hours in near contact, nose-to-nose, with 
moribund animals are more liable to 
receive a dose of organisms than those 
moving freely around their cages and 
among their sick companions. 

Francis and Lake! in their studies on 
this phenomenon concluded that the 
most important role was that of the 
mouse louse (P. serrata) because 12 
(71%) of 17 mice infested with lice re- 
moved from mice that died of tularemia 
succumbed to the disease. We have been 
unable to confirm this observation, since 
transmission of Past. tularensis by the 
ectoparasite was not demonstrated in 
any of 41 instances. The reasons for 
this discrepancy are not understood. 

It might also be mentioned that a 
single experiment conducted on 
contagion-infection in mice by Past. 
pestis (strain 19 SP). Of 60 normal mice 
caged in groups of 3 with 60 infected 
mice, 3 (5%) died on the 7th (2) and 
9th days after initial exposure. Past. 
pestis was recovered from the spleen 
of one of these. Also, one of 10 normal 
guinea pigs, caged with 10 which had 
been inoculated with the Schu strain of 
Past. tularensis, succumbed on the 13th 
day, 5 days after the deaths of the last 2 
injected animals, the carcass of one of 
which was mutililated. 

The problem of the transmission of 
Past. tularensis from infected animals to 
others which are not infected during 
inoculation is difficult (if not impossible) 
to solve. As has been stated, the period 


was 


of observation of the animals should not 
be shortened as deaths from the original 
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inoculation would probably be missed. 


Prediction of the occurrence and rate of 
contagion-infection is impossible due to 
the very great variability of the ap- 
pearance of the phenomenon. The multi- 
plicity of the possible mechanisms also 
renders prevention difficult. The only 
each 
animal separately and this is imprac- 


solution appears to be to cage 


tical and, generally, impossible. 


SUMMARY AND CONCLUSIONS 


1. The the mech- 
anisms of the transmission of Pasteruella 
from 
normal or 


occurrence and 


tularensis infected animals to 


healthy vaccinated cage 


mates (contagion-infection) has been 
investigated. 

2. Fifty-seven (23%) of 249 normal 
mice and 9 (4%) of 204 vaccinated mice 
succumbed after exposure to infected 
mice. In the majority of the cases (64% 
of the normal and 67% of the vaccin- 


ated mice that died) the deaths occurred 
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during the standard 14-day period of 
observation. 

3. Normal mice caged with inflected 
mice may die as early as the 8th day; on 
the other hand, deaths occurred as late 
as the 14th day among singly-caged mice 
Past. 
tularensis. Thus, the period of observa- 


injected with minimal doses of 


tion cannot be shortened to avoid con- 
tagion-infection. 

4. Among the mechanisms by which 
this phenomenon may be produced are 
cannibalism of infected carcasses and 
air-borne infection, 

5. We have been unable to contirm 


Lake! 
that the mouse louse (Polyplax serrata) 


th observation of Francis and 


is an efficient vector. 
6. It 
tagion-infection 


that 
tularensis 


demonstrated 
Past. 
can occur in guinea pigs and that normal 


was con- 


with 


mice may experience infections similarly 


contracted from mice inoculated with 


Past. pestis. 


| 
| 


THE ESTABLISHMENT OF COLONIAL VARIANTS IN GUINEA 
PIGS INFECTED WITH SMOOTH BRUCELLA SUIS 


M. SCOTT REDFEARN, ELLEN M. 
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Analysis of population changes of 
brucellae in synthetic broth cultures has 
established the mutational character of 
dissociation’ and the selective role of 
metabolites.?~* Several reports attest to 
the fact that brucellae may undergo 
population changes within the host en- 
vironment.*-* The factors involved in 
this relationship have not been as sus- 
ceptible to analysis as those which op- 
erate in vitro. 

Braun and others*~" have described a 
factor in the normal serums of species 
of animals relatively susceptible to in- 
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fection with brucellae which suppressed 
the establishment of nonsmooth types 


in liquid cultures of smooth brucellae. 
The serums of infected or vaccinated 
animals of these species, or the serums 
of relatively resistant species, failed to 
suppress the establishment of variants. 
Although it was proposed” that this 
selective factor in serum might have 
significant effects in vivo, repeated 
studies have failed to confirm this.'~'* 
Recently the effect of serum on popula- 
tion changes in liquid culture has been 
shown to be the result of interference 
with the accumulation of bacterial 
metabolites with selective activity." 

Despite the antigenic differences which 
exist between smooth and variant bru- 
cellae, there is some evidence that the 
immune response of the host during the 
course of infection influences population 
changes.""'* The experiments reported 
here were undertaken to elucidate 
further the role of immunity in mixed 
infections of smooth and variant brucel- 
lae. 


MATERIALS AND METHODS 


A streptomycin sensitive (Ss) smooth strain of 
Brucella suis (Ss BS) originally isolated from a 
naturally infected boar, and a streptomycin re- 
sistant (Sr) mucoid variant (Sr BM) obtained 
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from a guinea pig 12 weeks following inoculation 
with Sr BS*, were used in this investigation. 

Male guinea pigs (average weight 450 g) 
injected intraperitoneally 


were 


with inoculums pre- 
pared by suspending growth from 24-hour bru- 
cella agar (Albimi) slants in physiological saline. 
Cell suspensions were standardized with a Cole- 
man-Nepho-colorimeter, according to standard 
curves developed for the extablishment of viable 
cell numbers from the percent light transmission 
The cell suspension was diluted to appropriate 
concentrations for inoculation into animals or on 
agar plates from which viable cell counts were 
calculated. 

Following sacrifice of experimental animals, 
representative lymph nodes and other organs 
were macerated and streaked on plates of 2-1 
agar'® and 2-1 agar containing 500 yg of strepto- 
mycin per ml, After incubation for 4 days at 37 
C the plates were examined with a Spencer stereo- 
scopic dissecting microscope using obliquely 
transmitted light and the colonial morphology of 
the recovered organisms was recorded. Where 
necessary the acriflavine test®® and the crystal 
violet test™ were also employed to characterize 
the colonies. 

Skin‘ test antigens were prepared from dense 
suspensions of each of the two strains. The cell 
from 


suspensions obtained 


24-hour agar slant 
cultures were heated for 4 hours at 56 C, centri- 
fuged and washed several times in sterile saline 
and finally resuspended in sterile saline to ap- 
proximately 510" cells per ml. 

rhe animals were tested for dermal hypersensi- 
tivity by intradermal inoculation of 0.05 ml of 
the separate cell antigens using a 0.25 ml tubercu- 
lin syringe with a 27-guage needle. The sites of 
inoculation were prepared by removal of excess 
hair from the abdominal region with electric 
clippers, shaved clean and finally washed with 
70% ethanol 
ured with vernier calipers every 8 hours from the 
16th to the 80th hour after injection. The two di- 


The dermal reactions were meas- 


ameters were averaged for the final recorded 
measurement, 


EXPERIMENTAL RESULTS 


Three groups (D, E and F) of 36 
guinea pigs each and one (A) of 24 ani- 
mals were inoculated with 9X10? or- 
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ganisms of Ss BS. Four weeks later ani- 


mals of group D were inoculated intra- 
peritoneally with 6.25 10° organisms of 
Sr BM. Eight weeks after initiation of 
the S infection, the animals of group E 
were inoculated with 710° organisms 
of the M culture and at ten weeks the 
animals of group F were reinoculated 
with 6.7 X 10° variant cells. Group A re- 
ceived no M organisms. 

At the same time as the animals of 
group D received their inoculum of M 
organisms in the 4th week of the experi- 
ment, 48 animals in a 5th group B were 
inoculated with 6.5 10° M cells alone. 
Forty-two animals in a 6th group C were 
inoculated with a mixture of 810? S 
and 6.510® M cells. 

At weekly intervals after the 4th 
week of the experiment each of two ani- 
mals of group A and 4 from group B, 
which were infected with S and M bru- 
cellae, respectively, were tested for der- 
mal hypersensitivity to S and M cell 
antigens 3 days before necropsy. 

The necropsy schedule and the num- 
bers of animals infected with M brucel- 
lae are shown in table 1. The relative 
numbers and types of organisms re- 
the 


represented in 


covered from various tissues are 
schematically 
2 and 3. 

An 9X10" brucellae 
was sufficient to establish an infection 
which persisted in all animals through- 


out the 18-week experimental period. 


fig. I, 


inoculum. of 


In the animals of group B inoculated 
with M_ brucellae the variant 
organisms persisted for 9 weeks. How- 
ever, the numbers which could be re- 


alone 


covered trom the tissues of guinea pigs 


decreased regularly with time so that in 


the 7th, 8th and 9th weeks only a few 
colonies were found in cultures from 
tissues of most of the animals. ‘Rever- 


sion’ from M to S occurred in 3 of the 
48 animals of this group. 


The progress of the simultaneously in- 
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TABLE 1.--Isolation of mucoid B. suis from guinea pigs. Groups inoculated 


9 


6.5 +6 
6 


6 


ee eee 


Totals 


=x 
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* Number animals infected with M ‘number examined 


itiated infection with S and M brucellae 
(group C) is shown in table 1 and figure 
1. At 1 week after inoculation, M or- 
the 
probably because of their relative pre- 
the 


ganisms predominated in tissues 


in inoculum. There 


then ensued a regular decrease in the 


ponderance 


numbers of M organisms which could 
be recovered, and no mixtures were iso- 


lated after 4 weeks. A Ss rough variant 


moc win 


4 
e 


iy 


D 


9 


5 6.5 
2/6 


was isolated from the axillary lymph 
node of one of the animals of this group 
sacrificed 10 weeks after inoculation. 

In the groups which received M bru- 
cellae after initiation of the S infection 
the persistence of the M organisms in 
the tissues varied depending upon the 
interval between inoculation of smooth 
and variant cells. As may be seen in 
table 1, the M brucellae were eliminated 


= 
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The relative numbers and types of organisms recovered from guinea pigs inoculated 


with a mixture of Sand M Br. suis (group C), Open bar =smooth, Solid bar = mucoid. 
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Fic. 2.—The relative numbers and types of organisms recovered from guinea pigs inoculated with 
eks after inoculation with S organisms (group E). Open bar =smooth. Solid bar = 


in 1 week from all but one of the guinea 
pigs in group VD, which was superin- after inoculation with S brucellae, the 
fected with the M brucellae 4 weeks af- M organisms persisted longer. 

ter inoculation with S. However, in Mixtures of M and S organisms were 
groups EF and F, superinfected with M recovered from the tissues of 13 of the 


all 


Fic. 3.—The relative numbers and types of organisms recovered from guinea pigs inoculated with 


ent yielded S Br. suis only. Open bar = smooth, Solid bar = mucoid. 
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32 surviving animals of group E, which 
was superinfected with M cells, 8 weeks 
after S infection (table 1 and fig. 2). At 
least one animal yielded such a mix- 
ture at each examination throughout 
the 8-week experimental period. M or- 
ganisms only were isolated from one ani- 
mal sacrificed 10 weeks after S infection 
and 2 weeks after superinfection with M. 
A Ss RM culture was isolated from the 
liver abscesses of one animal sacrificed 
11 weeks after S infection and 3 weeks 
after superinfection with M. This vari- 
ant could have been derived from the Ss 
smooth inoculum or from the Sr mucoid 
organisms as a back mutation. 
Mixtures of M and S organisms were 
found in the tissues of 10 of the 30 sur- 
viving animals of group F, which was 
superinfected with M brucellae 10 weeks 
after infection with S (table 1 and fig. 3). 
However, only the guinea pigs sacrificed 


during the first 3 weeks after superin- 


fection with M contained such mix- 
tures. All infected animals examined at 
four or more weeks after M infection 
yielded S organisms only. In addiiton, 3 
of the 5 animals sacrificed 18 weeks 
after S infection and 8 weeks after M 


superinfection were found to be infected 
with a mixture of streptomycin suscepti- 
ble S and M organisms. ‘The M variants 
could have been derived from either of 
the two types inoculated. 

In both groups E and F there was a 
degree of dissemination of M organisms 
throughout the tissues of animals sacri- 
ficed 1 and 2 weeks after inoculation 
with M. However, S organisms usually 
predominated in the tissues. In succeed- 
ing weeks, with but a few exceptions, the 
M organisms could be found only in 
the male reproductive organs or asso- 
ciated abscesses. S organisms were not 
found in association with the variants 
at thuse sites. 

Throughout the course of infection 
with S brucellae, the animals of group A 
manifested varying degrees of dermal 
sensitivity to both M and S cell anti- 
gens. During the period from 5 to 8 
weeks after inoculation with S organ- 
isms the hypersensitivity reactions to 
both S and M antigens were similar in 
nature, the S antigen evoking the more 
severe response. Reactions were appar- 
ent within 16 hours and maximal within 
24 to 32 hours (curve A, fig. 4 and 5). 


to 40 
HOURS 


Fic, 4.—-Hypersensitivity reactions to smooth whole cell antigens of guinea pigs infected with S 


Br. suis (group A) 


Curve A,-—Animals tested at 5, 6, 7 and 8 weeks following infection. 
Curve B.-—Animals tested at 9, 10, 12 and 13 weeks following infection. 
Curve C,—Animals tested at 14 and 15 weeks following infection. 
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From 9 to 13 weeks after infection, the 
differences between the responses to S 
and variant antigens were more marked. 
In both cases, there was a delay in reach- 
ing the maximum response, reduction in 
severity and increase in the duration of 
the reaction (curve B; fig. 4 and 5). 
Most striking was the delay in onset of 
any measurable reaction to the variant 
This apparent 
about 24 hours after injection of the var- 


cell antigen. became 
iant test antigen, and approximately 12 
hours after the onset of the reaction to 
the S test antigen. 

The animals of group B, infected 
with M brucellae alone, developed reac- 
tions to the S and M antigens which 
were identical in nature but less severe 
than those observed in the guinea pigs 
infected with S organisms. Significant 
differences between the responses to 
the S and M antigens throughout the 


course of infection were not observed. 


DISCUSSION 


The establishment of variants in the 
tissues of animals chronically infected 
with S brucellae apparently involves 
many complex interactions between the 


genetically variable parasite and the 
constantly changing host defense mech- 
anisms. 

It has been established by a number 
of studies that some in vitro selected 
variants of brucella are capable of per- 
sisting for considerable periods of time 
and of producing characteristic lesions 
in the tissues of guinea pigs infected 
with M organisms alone.“)'® The in vivo 
selected M strain employed in this study 
appeared to be one of these moderately 
pathogenic strains since it was able to 
persist in the tissues for 9 weeks and to 
produce granulomatous lesions and mod- 
erately enlarged spleens. This variant 
appeared to hold no greater competitive 
with 
smooth cells than was observed with 


advantage in mixed infections 
variants selected in vitro.“ Following 
simultaneous inoculation of relatively 
large numbers of M organisms and rela- 
tively small numbers of S brucellae, the 
M type was eliminated from the tissues 
in 4 weeks. Inoculation with M variants 
4 weeks after S infection resulted in the 
elimination of the variants in 1 week 
from all but one of the animals. 

This rapid elimination of the second 
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Fic. 5.—Hypersensitivity reactions to mucoid whole cell antigen of guinea pigs infected with S Br 
suis (group A) 
Curve A.—Animals tested at 5, 6, 7 and 8 weeks following infection 
Curve B.—-Aniimals tested at 9, 10, 12 and 13 weeks following infection 
Curve ¢ \nimals tested at 14 and 15 weeks following infection 
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inoculum, similar to the ‘‘Koch reac- 
tion" of tuberculosis, has been demon- 
strated in a number of studies with bru- 
Although the route of 
inoculation employed in such experi- 
ments influenced the extent of dissem- 
ination of the variant organisms through 
the tissues, the rate at which the vari- 
ants were eliminated was not appreci- 
ably affected. 

The serums of guinea pigs exhibiting 
this ‘Koch reaction" usually have high 
titers of agglutinins for the S organisms 
but donot agglutinate the M variants.'*"" 
These same animals, however, exhibit 
dermal hypersensitivity of about the 
same intensity to both S and M anti- 
gens. 

Four weeks following initiation of the 
S infection when resistance to superin- 
fection is apparently maximal, the num- 
bers of organisms in the tissues have 
reached peak concentration. Even 
though maximal numbers of variants 
are probably being produced by muta- 
tion, they must compete with large 
numbers of the parent S type, and are 
subjected to the host defenses which, 
as measured by the hypersensitivity 
reactions, are operating with at least 
equal efficiency against both types of 
organism, Despite the absence of the 
serum selective factor, they are unable 
to establish themselves. 

Later in the course of S infection (8 
and 10 weeks), conditions are more 
favorable for the establishment of vari- 
ants, despite the fact that they are 
probably produced at a lower frequency 
from the smaller numbers of S cells in 
the tissues. The host defenses, particu- 
larly as indicated by the hypersensi- 
tivity reactions, do not operate as effec- 


22. Pollack, A. D., Kelly, FE. H., Gorelick, A. N., 
Braun, W, and Vietor, |. 1951, J. Infect, Dis 
90: 267-272. 

23. Kelly, E. H., Gorelick, A. N., Silverman, 
S. J. and Braun, W. 1953, |. Infect. Dis. 93: 
181-186, 187-191. 


tively against the M variants as they 
did in earlier stages of the infection. 
Variants introduced into the tissues 
at this time either by mutation from 
the original infecting organisms* or 
by inoculation, are capable of estab- 
lishing themselves at least as long as in 
animals inoculated with mixtures. Even 
under these relatively more favorable 
conditions, the variants are unable to 
displace the S organisms from the tissues 
and are gradually eliminated from all 
tissues other than the male reproduc- 
tive organs and associated abscesses 
where additional factors such as the ac- 
cumulation of toxic metabolites may 
influence selection.” 

The present investigation has indi- 
cated that an additional selective factor, 
that of changing host defense mecha- 
nisms, plays a significant role in popula- 
tion changes of brucellae in guinea pigs. 

It seems possible that the differential 
activity of host defenses against S and 
variant organisms in chronically in- 
fected animals demonstrated in this 
study may have some role in the patho- 
genesis of latent infection and relapse in 
chronic brucellosis. 


SUMMARY 


A study of guinea pigs infected with 
smooth and variant Brucella suis has 
shown that variant organisms selected 
in vivo have no greater competitive ad- 
vantage in mixed infections with smooth 
cells than variants selected in vitro. The 
ability of variant brucellae to establish 
themselves in the tissues of guinea pigs 
infected with smooth organisms was in- 
fluenced by the duration of the smooth 
infection. 

Dermal hypersensitivity reactions to 
smooth and variant whole cell antigens 
indicated an additional selective factor, 
the changing host response during the 
course of infection, may play a signifi- 
cant role in population changes in guinea 
pigs infected with smooth brucellae. 
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Marcus and Donaldson re- 


ported the suppression following whole 
body X 
tericidal serum for 
Bacillus Pil- 
lemer et al? have found that whole body 


radiation of the normal bac- 
rabbit 
More recently, 


action of 
subtilis. 


X radiation of the rat resulted in a rapid 
drop in the blood level of a natural bac- 
which they have 


tericidal substance 


named ‘‘properdin.”’ These reports of 
the depressing action of X radiation on 
natural antibody are in sharp contrast 
to the lack of effect of X radiation on 
the level of serum globulin* and on es- 
tablished antibody synthesis.‘ To study 
this problem further, the following ex- 
the 
natural hemolytic antibodies in the rab- 


periments were performed with 


bit. This system was selected because 
rabbit serum contains a relatively high 
titer of natural hemolysin and because 
the spectrophotometric determination 


of the 50% end point is an accurate 
measure of hemolytic activity. 
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THE EFFECT OF WHOLE BODY X RADIATION ON THE 
NATURAL SHEEP CELL HEMOLYSIN OF THE RABBIT 


DAVID W. TALMAGE, GLORIA G. FRETER, AND WILLIAM H,. TALIAFERRO 


From the Departments of Medicine and Microbiology, The University of Chicago, Chicago 37, Illinois 


MATERIALS AND METHODS 


Male rabbits weighing approximately 2 kg 
were used, 
Rabbits 


aluminum boxes which were turned at the mid 


were irradiated on their sides in 
rhe constants of radiation 
were: 250 kv, 15 ma; filters, Cu=0.5 mm. Al=1 


mm; target distance from center of rabbit, 79 


point of radiation 


mm; direction of beam, vertical; 32 to 35 roent 
gens/minute. 

Hemolysin determinations using the 50% end 
point were made according to procedures al 
ready described, except that twelve 50% units 
of complement were added instead of the usual 
four. This procedure was found to give straight 
line plots of the amount of antibody against the 
degree of hemolysis according to the von Krogh 
equation. The addition of only four units of com- 
plement frequently gave irregularly curved lines 
in the lower dilutions of serum, presumably be 
cause four units of complement were insufficient 
to overcome the anticomplementary action of 
the low dilutions of normal rabbit serum, 

Serum protein determinations were made ac 
cording to a modification of the Folin procedure 
described elsewhere.6 For total protein 0.5 ml 
of a 1:100 dilution of serum in 0.85% saline was 
used, Total globulin was obtained by precipitat 
ing 0.1 ml of serum with 0.4 ml of water and 
0.5 ml saturated (N H,4),SO, at room temperature 
\fter 30 minutes the precipitates were centri 
fuged and washed with 1 ml of 50% saturated 
(NH )eSO,. The precipitates were then dissolved 
in 10 ml of saline diluent. One ml of this solution 
was used for the Folin determination, The blank 
for the total globulin consisted of 1 ml of a 1:100 
dilution of saturated (NH ).SO, in the saline 
diluent 
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Total protein } 
Initial hemolysin and survival after X 1] 
radiation.—Thirty-ninerabbitsobtained 
from a local source were used. Twelve 
were given 700 r whole body X radia- 
tion, eleven were given 500 r and sixteen | 4 


served as controls. Three of the 500 r 
group and 4 of the 700 r group died be- 
fore the completion of the experiment 
on day 10, Two ml amounts of blood 
were obtained on days 0, 3, 6 and 10 or 
until death. The initial hemolysin titers 
of the three groups bled on day 0 before 
X radiation are given in table 1, All 5 
of the irradiated animals with an initial 
titer below 40 died before day 10. This 
represented 5 of the 7 deaths in the 
irradiated groups. The mean _ initial 
hemolysin titers in the surviving 700 
and 500 r groups were 111 and 131, re- 
spectively, whereas the mean hemolysin 
titers of those that died were 41 and 33, 
respectively. 

Eiffect of X radiation on hemolysin, 
globulin and total serum protein concen- 
tration. Results of the hemolytic titra- 
tions are given in table 1. Animals with 
an initial titer below 40 and animals 
which died before day 10 were elimi- 
nated entirely from the calculations. 
There was a very significant (P <0.01) 
steady decline in mean hemolysin titer 
between day 0 and day 10 in both irradi- 
ated groups as compared to the con- 
trols. The difference between the 700 r 
and 500 r group, however, was not sig- 
nificant (P>0.05). The mean decline in 
the entire group of 16 irradiated animals 


TABLE 1.—-Hemolytic titer of control and X-radiated rabbits. 
Orininel At day 0 fraction Mean hemolysin titer Percent of day 0 hemolysin 
X-ray gina? — with titers below 40 on day 0 titer remaining on 
number of 
dose bb'ts 
FaoU Living Dying Living Dying Total Day 3 Day 6 Day 10 
0 16 5/16 0.0 a7* 06 108 +13 
2 2/3 141 108 Sits 56+ 7 44+ 8 
700 il 0/7 86 76+ 6 54+ 9 7 


* The 5 unirradiated rabbits with titers of less than 40 are not included here. They were discarded for sibeequent cal 


culations 
Standard error, 


_| 


~ 
Mean percent remaining 


ry) 2 4 6 8 10 
Days after X-radiation | 


Fic. 1.—The effect of X radiation on the serum 
concentration of total protein, globulin ‘and 
natural sheep cell hemolysin in three rabbits 


was 60% in 10 days which is equivalent 
to a half disappearance time of 7 days. 
The shortest half-time observed was 3 
days. Because of the selection of ani- 
mals with an initial high titer, the coeffi- 
cient of correlation was determined be- 
tween initial hemolysin titer and percent 
decline following irradiation. The value 
obtained, r = —0.11, with P>0.1, in- 
dicates that no correlation existed. 

In three irradiated animals a suff- 
cient quantity of all 4 serum samples was 
available to permit globulin and total 
protein determinations. Two of these 
received 700 r and one received 500 r. A 
comparison of the hemolysin and protein 


determinations on these three animals 


is given in Figure 1. No significant 
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TABLE 2.--Absorption of natural 
hemolysin in vitro 


ts 
MI of 1 Hen Hemo 
o absor bec 
cells added lytic Percent 
lysin per mil 
per m units ibsor bed ‘ 
titer ot 1% 
serum absorbed 


28 
0.2 13 4 2 170 
0.4 $7 


change in globulin or total protein oc- 
curred, 


Neutralization of natural hemolysin 
with antigen..-To varying numbers of 
packed sheep red cells were added 1-ml 
aliquots of a normal rabbit serum con- 
taining 47 hemolytic units per ml. After 
mixing for 30 minutes at room tempera- 
ture, the tubes were centrifuged and 
hemolytic titrations performed on the 
supernatant. The results given in table 
2 indicate that under these conditions 1 
ml of 1% cells will absorb between 100 
and 300 hemolytic units of natural 
hemolysin, 

Five ml of 50% sheep red cells per kg 
body weight were injected into 4 rabbits. 
The rabbits were bled for hemolysin 
titration before the injection and 30 
minutes, 1 day, 2 days and 8 days after 
injection. The lowest hemolysin titer 
was obtained in each case in the 30 min- 
ute sample, where there was a mean de- 
cline of 76% as compared to the prein- 
jection titer. Based on an estimation of 
40 ml serum per kg body weight, the 
average number of hemolytic units ab- 
sorbed in vivo was 11 units for each 1 
ml of 1% cells. Results are summarized 
in table 3. The decreased absorption in 


3.--Ahsorption of natural hemolysin from 
4 rabbits in vivo by 5 ml 50% cells per kg 


injected intravenously 


Unite 
hemo (nits Unites 
lysin absorbed/ absorbed/ *bxorbed 
ae decrease mil kg per ou 
cell 
128 70 4 1460 
140 116 1640 1m 
i4 700 14 
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PaBLe 4.—Effect of red cell injection into irradi 
ated rabbits from days 2 to 10 postirradiation 


vivo as compared to in vitro may be due 
to an increased dissociation of antibody 
at the higher temperature. 

Two rabbits weighing approximately 
2 kg each were given 500 r whole body X 
radiation. Beginning 2 days after X 
radiation, the two animals were given 
daily injections of 1 ml of 5% and 25° 
sheep red cells, respectively. They were 
bled for hemolysin titration before X 
radiation and before the injection of 
cells on day 3, 6 and 10. The results are 
given in table 4. Although the cells in- 
jected were not sufficient to increase 
the rate of decline of natural hemolysin 
appreciably and although the injections 
were not begun until 2 days after X 
radiation, both animals showed an in- 
crease in hemolytic titer by day 10. 


DISCUSSION 


It has already been established that 
X radiation in the sublethal range does 
not alter preformed antibody or change 
its natural rate of metabolism.’:* The 
present experiments indicate that ab- 
sorption by antigens invading®” or dif 
7. Hollingsworth, |. W. 1950, Effects of x-irra 
diation on passively transferred antibod 
Proc. Soc, Exper. Biol. & Med. 75: 477-479 
8. ‘Valiaferro, W. H. and Taliaferro, L. G. 1950 
Effect of X-irradiation on hemolysin decline 
J. Infect. Dis. 87: 201-209, 
9. Miller, C. P., Hammond, C. W. and Tomo 
kins, M. 1951, The role of infection in radia 
tion injury. J. Lab. & Clin. Med, 38: 331-343 
Gordon, L. E., Ruml, D., Haline, H. and 
Miller, C. P. 1955, Studies on susceptibility 
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fusing through a damaged intestinal epi- 
thelium does not play a major role in 
the observed decline of natura! hemoly- 
sin. This conclusion which may be ap- 
plicable to other natural antibodies is 
drawn because of the following consider- 
ations: 

(1) A large amount of antigen is re- 
quired to neutralize the natural hemoly- 
sin. A comparable quantity of bacterial 
antigen would probably kill the host by 
virtue of its toxicity before absorbing 
all the natural antibacterial antibodies. 

(2) The daily injection of an amount 
of antigen insufficient to neutralize the 
natural antibody resulted in increased 
antibody production by day 10. Since 
no rebound in hemolysin titer occurred 
in those animals which were only irradi- 
ated, it is difficult to attribute the de- 
cline following irradiation to absorp- 
tion by antigen. 

(3) The decline in natural hemolysin 
after X radiation was logarithmic and 
unrelated to initial titer. Absorption by 
antigen should give a progressively in- 
creasing rate of decline inversely pro- 
portional to the titer. 

The most likely explanation for post- 
irradiation decline in natural antibodies 
is that production of these substances 
is suppressed. In the experiments of 
Marcus and Donaldson,' the concentra- 
tion of bacteriolysin decreased by a 
much greater factor than did the con- 
centration of agglutinin, In the experi- 
ments reported here, hemolysin levels 
declined while the total globulin level 
did not decrease. This might indicate a 
difference between the various anti- 
bodies in either (1) the rate of metab- 
olism or (2) the sensitivity to irradiation 
of the globulin synthesizing units. Ex- 
perimental evidence for both views can 
be found. In favor of the first view, pas- 
sive transfer experiments in the rabbit 
with antibodies to sheep red cells have 
demonstrated striking differences be- 


tween two different antibodies in their 


rate of disappearance from the blood of 
a nonsensitive recipient." In favor of 
the second view, the production of pre- 
cipitin after a second injection of bovine 
y globulin has been found to be rela- 
tively resistant to X_ radiation,'?’ 
whereas the hemolysin response to a 
second injection of sheep red cells was 
markedly sensitive."* In the following 
paper” experiments are presented which 
indicate that the difference in the radio- 
sensitivity of the secondary precipitin 
and hemolysin responses is due largely 
to differences in the doses of antigen em- 
ployed. These findings suggest the fol- 
lowing hypothesis in regard to the effect 
of X radiation on the level of natural 
antibodies, 

Following X radiation, globulin-syn- 
thesizing cells are put under stress. De- 
mand is increased and the capacity to 
respond to antigens is decreased. As a 
result, antibodies are made only for 
those substances for which there is con- 
siderable stimulus. The antigen dose/ 
antibody response curve becomes 
steeper." Natural antibodies are con- 
sidered to be the response to antigenic 
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stimuli given by the absorption of small 
quantities of food and bacterial prod- 
ucts through the intestinal tract. Fol- 
lowing X radiation this is insufficient 
to stimulate antibody synthesis which 
then declines or ceases altogether. 

In che event of complete or nearly 
complete suppression of antibody pro- 
duction, the rate of decline of the serum 
level of natural antibody will depend 
largely on the natural rate of metabo- 
lism of the antibody. Since production 
will not be equally affected in all ani- 
mals, the mean observed half-life of the 
antibody following X radiation should 
always be somewhat longer than the ac- 
tual half life. In the experiments re- 
ported here, the limiting half life was 
three days, which closely corresponds 
with the figure obtained by Taliaferro 
and Talmage for immune hemolysin.!! 

If natural antibodies vary in their 
metabolic turnover rates, those with the 
most rapid turnover rates should show 
the most rapid decline following X radi- 
ation. Therefore, this decline should be 
most evident in small animals where the 
turnover rates of serum globulins are 
generally high,'? or in those antibodies 
17. Dixon, F. J., Talmage, D. W., Maurer, P. H 
and Deichmiller, M. 1952, The half life of 
homologous gamma globulin (antibody) in 


several species. J. Exper. Med. 96: 313-318 
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which undergo the most rapid decay 
such as the hemolytic in contrast to the 
precipitating antibodies in the rabbit."' 


SUMMARY AND CONCLUSIONS 


1. Whole body X radiation of rabbits 
with 500 r and 700 r produced a highly 
significant decline in natural sheep red 
cell hemolysin, 

2. No significant difference in the ef- 
fects produced by the two radiation 
doses was found. 

3. The mean half-disappearance time 
of hemolysin after X radiation was 7 
days, the shortest half-time, 3 days. 

4. The decline in natural hemolysin 
after X radiation cannot be attributed 
to absorption by antigens diffusing or in- 
vading from a damaged intestinal tract. 

5. The decline in natural hemolysin 
after X radiation is probably due to a 
decreased production combined with a 
naturally rapid metabolic decay 

6. The postirradiation decline in nat- 
ural antibodies should be most evident 
in those species whose globulins have a 
generally high turnover rate. In those 
species with antibodies of different rates 
of metabolic decay, the effect of X radi- 
ation should be most pronounced on the 
antibody with the 


half-life. 


shortest biological 
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THE EFFECT OF WHOLE BODY X RADIATION ON THE 
SPECIFIC ANAMNESTIC RESPONSE IN THE RABBIT 
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An apparent discrepancy exists in re- 
ports concerning the effect of X radia- 
tion on the secondary or specific an- 
‘mnestic response. Dixon et al' reported 
that the secondary precipitin response 
to bovine gamma globulin in the rabbit 
was relatively resistant to X radiation. 
laliaferro et al,? on the other hand, 
found that the secondary hemolysin re- 


sponse to sheep red cells was equally as 


sensitive to X radiation as the primary 
response, The resolution of this discrep- 
ancy may be of importance to the the- 
oretical problem of antibody production 
and to the practical problem of radia- 
tion survival. The depressing action of X 
radiation on the secondary hemolytic 
response to sheep red cells in the rabbit 
has been explained in various ways by 
suggesting that (a) the preliminary di- 
gestionof the insoluble antigen is a radio- 
the antibody 
response to polysaccharide antigens is 


sensitive process," (b) 
more radiosensitive than the response to 
protein antigens,‘ (c) the production of 
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hemolytic antibodies is more sensitive 
to X radiation than the production of 
precipitating antibodies, (d) less time 
is required for the development of the 
maximum X ray effect in the case of 
hemolytic the 
amount of antigen and its distribution 


antibodies,> and (e) 
may play a role in determining radio- 
sensitivity of the antibody response 

The response of the rabbit to the in- 
jection of sheep red cells was selected for 
an investigation of this problem because 
the red cell contains both protein and 
polysaccharide antigens, and because 
the rabbit responds by making anti- 
serums consisting of both large hemo- 
lytic and small, relatively nonhemolytic 
molecules. 


MATERIALS AND METHODS 


Female rabbits weighing approximately 2 kg 
were used, Sheep red cells and heated stromata 
were prepared and standardized, and determina 
tions of hemolytic units were made in the labor- 


atory of Dr, W. H. 


cedures already 


Taliaferro according to pro 
described.* Forssman and iso 


phile combining unit titrations were made as 
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described’ by determining the amount of serum 
which gives a 50% inhibition of the uptake of a 
labeled 
could be measured in the presence of isophile by 
labeled 


stromata and by making the red cell suspension 


antibody. Forssman combining units 


using a antibody specific for heated 
in a solution of 0.6% bovine serum albumin in 
0.85% NaCl. The bovine serum albumin 
found to block the uptake by the red cells of 
isophile antibody. Isophile combining units were 
measured by using a labeled antibody prepara- 
tion from which Forssman antibodies had been 
absorbed by heated stromata. Heated stromata 
were added in excess to the red cell suspension to 
neutralize the small amount of cross-blocking 
effect of the Forssman antibody present in the 


serums to be titrated 


maintained in the isophile titrations with a 1:10 


dilution of normal rabbit serum which does not 
contain any detectable isophile combining activ- 
ity. The technique of X radiation was the same 
as in the preceding paper.'® 


EXPERIMENTAL PROCEDURE 
AND RESULTS 


Effect of X radiation on the anamnestic 


response. Three groups of rabbits were 


given primary immunization with sheep 
red cells or heated stromata according to 


schedules described in table 1, column 3. 


was 


Protein concentration was 


jected intravenously with a red cell sus 
pension as detailed in column 5 of table 
1. For purposes of comparison, a con- 
ot 6 
(Group IV) was given a primary injec- 
tion of 3 ml 10° red cells/kg. All ani- 
mals were bled again from the ear 5 and 


trol group nonirradiated rabbits 


9 days after the secondary injection of 


antigen. Serums were analyzed for 
hemolysin units, Forssman combining 
units and isophile combining units. 
When an antibody response did occur 
in an X-radiated animal, the 9th day 
bleeding always contained more anti- 
body than the Sth day. Although the 
peak titer may have been reached in the 
unirradiated rabbits before the 9th day 
and after this day in the irradiated 
groups, results are presented from this 
single bleeding. A determination of 
peak titers by daily bleeding was im- 
practical because of the relatively large 
amount of blood (5 ml) required for the 
three antibody titrations. 

Because no differences could be found 
in the results between groups | and II, 


these two groups were combined and 


TABLE 1,——Schedules of immunisation. 
Number Tis between 
Group of Primary immunization Kest reer mg ist and last 
animals jection 
5 6 injections, 3 weekly, of 1 ml 10% RBC ky wks 10°) RBC /ke 10 wks 
10 injections monthly of 3 ml 10% RBC /ke 5 wks io", RBC 13 wk 
iil il 1 injection of 2 ml 1% RBC /kg 4 wks 2ml 1% RBC, kg wk 
IV 6 1 injection of 3 ml 10% RBC/kg 


After a 4 to 8 week rest (column 4 of 
table 1), approximately half of each 
group was given 500 r whole body X 
radiation. Two days later, they were 


bled 


9. Talmage, D. W 
blocking of labeled antibody 


5 ml from the ear and were in- 


1956, The 


uptake as a 


and F reter, Gs. G 


measure of the relative combining capacity 


of antired cell serums. J. Infect. Dis. 98: 
277-292. 

10. Talmage, D.W., Freter, G.G. and Taliaferro, 
W. H. 1956, Effect of whole body X radiation 
on the natural sheep cell hemolysin of the 


rabbit. J. Infect. Dis. 99: 241-245. 


compared with group III (table 2 and 
fig. 1 and 2). In group I and II, 12 out of 
15 animals showed a significant increase 
(more than 3 combining units/ml) in 
their isophile antibody concentration 
None of the 10 animals in group III on 
the 6 animals in group IV gave a de 
tectable isophile response. The number 
of X-radiated animals in group I and I] 
which gave an isophile response (5 out of 
8) was not significantly greater than the 
number giving a Forssman response (4 
out of 8). 
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Tauty 2.--Effect of X radiation on the secondary 
hemolytic, Forssman combining and isophile 


combining repsonses 


Fraction of animals respond 


ing* by day 9 
Croup X ray ot 
animals Hemol Fores Isophile 
~ 9 man com 
y combining bining 
i-tl None 7 7/7 7/7 77 
5/8 4/8 5/8 
il None 5 5/5 5/5 0's 
6 0/6 0/6 o's 
ivt None 6 6/6 6/6 0/6 


* Net increase of more than 100 hemolytic unite or 3 com 
bining unite 
t Primary injection only. 


Figure 1 compares on an individual 
basis the two secondary Forssman anti- 
body responses (hemolytic vs. combin- 
ing units). The results are presented as 
the net increase in titer between day 0 
and day 9. These results demonstrate 
that the change in hemolysin titer was 


7. G. FRETER, AND A. THOMSON 


closely correlated with the change in 
Forssman combining units. This was 
true for both X-radiated (solid symbol) 
and control (open symbol) animals. 
Since the significance of this correlation 
depends upon the relative amounts of 
the two types of antibody molecules 
present, the range in ratio of hemolytic 
to combining units is indicated in figure 
1 by two dotted lines representing hemo- 
lytic to combining ratios of 40 and 400, 
For a discussion of this correlation, see 
below. 

Figure 2 compares the changes in 
Forssman and isophile combining units, 
Only one of the 15 animals in group | 
and I] gave a greater Forssman response 
than isophile. The average isophile re- 
sponse in this group was approximately 
4 times as great as the Forssman. Al- 
though X radiation reduced the mean 
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Net increase in isophile combining units 


Fic, 2. 


antibody responses to both Forssman 
and isophile antigens, the depressing 
effect on the ‘two responses Was ap- 
proximately equal. The mean number of 
isophile combining units was approxi- 
mately 4 times the mean number of 
Forssman combining units in both the 
X-radiated and control groups. With a 
single primary injection (group II1), on 
the other hand, X radiation caused a 
complete suppression of all the second- 
ary antibody This group, 
however, failed to give a detectable iso- 


responses. 


phile response even in the unirradiated 
animals. 

Effect of circulating antibody on the re- 
sponse to antigen.—Serums with high 
concentrations of Forssman and isophile 
antibody (300 to 500 combining units/ 
ml) were obtained by giving rabbits 2 
monthly injections of 1 ml of 1% sheep 


Correlation between individual isophile and Forssman combining responses. 


red cell suspension per kg body weight, 
and after 6 weeks 6 injections of 10% 
cells over a 2-week period. Six animals 
were injected with a volume of this anti- 
serum estimated to give a serum concen- 
tration of 4 Forssman combining units/ 
ml in the recipient after 24 hours. One 
serum ‘with a relatively high isophile 
content was absorbed with heated stro- 
mata repeatedly to remove Forssman 
antibody. Two animals were injected 
with a volume of the isophile antiserum 
estimated to give a serum concentration 
of 4 isophile combining units per ml. 
Twenty-four hours after injection of 
serum all 8 animals were given a single 
intravenous ‘njection of 1 ml of 1% red 
cell suspension per kg. A third group 
of 3 animals, which had received no an- 
tibody passively, were given 1 ml of 
0.01% red cell suspension per kg intra- 
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Forssman combining re 


Antiserum Dose re 
njected cell 


Ant! Forseman i ml 1% ‘ke 


None i ml 0.01% /ke 


nerease of more than 100 hemolytic unit 


venously, All animals were bled from 
the ear on day 0 before the injection of 
antigen and on day 8. Determinations 
of 50% hemolytic and Forssman com- 
bining units were made on all serums. 
Results are given in table 3. All of the 
6 animals receiving anti-Forssman 
serum passively showed a decrease in 
both hemolytic and Forssman combin- 
ing units between day 0 and day &. The 
2 animals which had received isophile 
antibody passively and the three ani- 
mals which received 0.01% red cells all 
gave Forssman antibody responses, 


DISCUSSION 


In the introduction to this paper a 
number of explanations were reviewed 
for the reported discrepancy between 
the radioresistance of the secondary pre- 
cipitin response to a soluble antigen and 
the radiosensitivity of the secondary 
hemolysin response to sheep red cells. 

The experiments reported in the first 
part of this paper were designed to test 
two of these hypotheses, namely, that 
there is a difference in the radiosensi- 
tivity of the production of two anti- 
bodies formed to the same antigen or of 
the antibodies formed to two different 
types of antigen, While negative evi- 
dence can never be entirely conclusive, 
the results of these experiments seem to 
indicate that all antibody responses 
have a comparable radiosensitivity. No 
significant difference was found in the 
sensitivity to X radiation of the various 
secondary responses to the Forssman 


and isophile antigens, 


sponses on shee 2 red cells 


mbining units per mi 


I ffect of passively administered circulating antibody on the primary | -molytic and 


Mean Forseman 
combining units Fraction 
reeponding*® 


Mean hemolytic 
units 


Day 0 Day & Day 0 Day 8 


a 5 0/6 
” 4900 12.8 2/2 
44 2100 4/3 


Because of the number of different 
antibody responses induced by the in- 
jection of sheep red cells, two compari- 
sons are possible. A first comparison 
may be made between the two types of 
Forssman antibodies represented by the 
hemolytic and combining activities, The 
hemolysin response has been shown to 
be largely anti-Forssman' and associ- 
ated with a rapidly sedimenting frac- 
tion of serum globulin.” Forssman com- 
bining activity, on the other hand, is 
largely associated with a more slowly 
sedimenting fraction. When serums of 
intermediate ratios of hemolytic to 
combining activity (40 to 400) are sep- 
arated by electrophoresis in starch at a 
pH of 8.6, the two activities separate 
ito two peaks.’ The hemolytic ac- 
tivity is found in a sharp peak in the T 
fraction between 8 and y globulin. The 
combining activity, on the other hand, 
is found in a sharp peak among the more 
slowly moving y globulins. Although it 
has been possible to show that both 
types of molecules have both hemolytic 


11. Talmage, D. W., Freter, G. G. and Talia- 
ferro, W. H. 1956, The effect of repeated in- 
jections of sheep red cells on the hemolytic 
and combining capacities of rabbit anti- 
serums. J. Infect. Dis. 98: 293-299 

12. Talmage, D. W., Freter, G. G. and Talia- 
ferro, W. H. 1956, Two antibodies of related 
specificity but different hemolytic efficiency 
separated by centrifugation. J. Infect. Dis. 
98: 300-305. 

13. Stelos, P. and Talmage, D. W. 1957, The 
separation by electrophoresis of rabbit anti- 
bodies to sheep red blood cells. J. Infect. Dis. 
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and combining activity, the ratio of 
these two activities may differ by a 
factor of at least 100. Thus, if X radia- 
tion had suppressed one type of anti- 
body response selectively, a marked 
change in ratio would have resulted. As 
demonstrated in figure 1, no significant 
change in hemolytic to combining ratio 
occurred following X radiation. In one 
of the X-radiated animals a ratio of 10 
was obtained. No significance can be 
placed on this single result, however, 
since comparable low ratios have been 
obtained in an occasional animal with- 
out X radiation. The antibodies repre- 
sented by the Forssman hemolytic and 
combining activities combine with iden- 
tical or closely related sites on the red 
cell, as demonstrated by the fact that 
their absorption by sheep red cells'' or 
guinea pig kidney is interdependent. 
The correlation between the two second- 
ary responses using several different 
schedules of further 
evidence of the identity of specificity of 


immunization is 


the hemolytic and combining activities. 

A second comparison may be made 
between the antibody responses to the 
heat-stable and heat-labile antigens of 
the red cell. The first or Forssman is 
known to be a lipopolysaccharide," and 
the second or isophile is probably pro- 
tein. An adequate comparison of the 
the and 


Forssman responses can be made only 


radiosensitivity of isophile 
in group | and II, since in group III, a 
detectable isophile response was not 
made even in the unirradiated animals. 
In group | and II, the secendary isophile 
response may be considered relatively 
radioresistant if it is compared with the 


14. Talmage, D. W. and Freter, G. G 
lished data. 
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15. Rapp, H. J. 1953, Purification and immuno- 
chemical characterization of the heat stable, 
alcohol-soluble hemolytic antibody inhibition 
of the sheep erythrocyte. Thesis, Johns Hop- 
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primary isophile response in unirradi- 
ated animals (group I and II and group 
IV in column 6, table 2) 
comparison has little meaning in this 


This type of 


case, however, since it is apparent that 
rabbits give a better primary response 
to the Forssman antigen than to the 
isophile antigen either because of in- 
herited capacities or because of previous 
experience with related antigens. A di- 
rect comparison of the secondary iso- 
phile and Forssman responses in Group 
| and II do not reveal any difference in 
their radiosensitivity. Although X radi- 
ation reduced the mean antibody re- 
spones to both Forssman and isophile 
antigens, the depressing effect on the 
two responses was approximately equal. 
The mean number of isophile combin- 
ing units was approximately 4 times the 
mean number of Forssman combining 
units in both the X-radiated and con- 
trol groups (fig. 2). 

A finding of importance was the de- 
creased sensitivity to radiation of the 


secondary ani- 


antibody responses in 
mals receiving relatively larger primary 
and secondary injections. This result is 
in keeping with the finding of Taliaferro 
and Taliaferro that the sheep red cell- 


hemolysin dose-response 


curve Was 
steeper in X-radiated animals than in 
controls. As the number of cells in- 


jected was increased the difference in 
the responses of the X-radiated and con- 
trol animals decreased. An extrapola- 
tion of their results as well as those re- 
ported here would indicate that still 
larger injections of red cells might re 
sult in even greater resistance to the ef- 
fects of X radiation. Even in the ani- 
mals in group I and II the dose of anti- 
gen was far below that used by Dixon 
et al in experiments with soluble anti- 
gens. The number of Forssman combin- 
ing sites per sheep red cell has been esti- 
mated at 75,000.° Three ml of 10% cells 


is approximately 4.8 10*7.5«10* 
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= 3.6 10" antigen sites. In experiments 
reported by Dixon et al' 30 mg of bovine 
globulin was injected per kg body 
weight. Based on a gram molecular 
weight of 150,000 and at least 6 antigen 
sites per molecule, this is 


30K 6X 6.06 K 10” 
150,000 1000 
1.410" antigen sites per kg, 


or approximately 4000 times that used 
vith the largest red cell injection. It 
would be obviously impossible to use a 
red cell dose comparable to the amount 
of bovine globulin used in Dixon's ex- 
periments. 

A problem related to antigen dosage 
was that concerning the effect on the 
secondary response of the circulating 
antibody which might remain from the 
first injection of antigen. The results re- 
ported here confirm for the Forssman 
antigen previous reports of the suppres- 
sion of antibody responses by circulat- 
ing antibody.'’*"? When the size of the 
antigen injection is large, as for example 
with bovine globulin, only a fraction of 
the antigen binds all of the circulating 
antibody and an excess remains to stim- 
ulate antibody production. When the 
amount of antigen injected is small as 
with injections of red cells, the circulat- 
ing antibody may completely bind the 
antigen and thus reduce the stimulus 
applied to antibody producing cells. In 
the passive transfer experiments re- 
ported here, circulating antibody was 
capable of blocking more than 99% of 
the antigen injected, since an injection 
of 1% of this dose gave a significantly 


16. Barr, M., Glenny, A. ‘T. and Randall, K. J. 
1950, Diphtheria immunization in young 
babies. Lancet, 1: 6-10, 

17. Mason, J]. H., Robinson, M., and Christen- 
son, P. A. 1955, The active immunization of 
guinea pigs passively immunized with 
homologous antitoxic serum. J. Hyg. 53: 
172-179. 


higher antibody response in control 
rabbits. This blocking action did not 
seem to be due to an alteration in dis- 
tribution of antigen resulting from sen- 
sitization of red cells since isophile anti- 
body did not have a comparable effect 
on the Forssman response. 


SUMMARY AND CONCLUSIONS 
1. The effect of whole body X radia- 


tion on the specific anamnestic response 
of 26 rabbits was studied following 
three different schedules of injections of 
sheep red cells. The secondary hemo- 
lytic, Forssman combining and isophile 
combining responses to the injection of 
sheep red cells appear to have approxi- 
mately equal radiosensitivity. 

2. A high correlation was found be- 
tween the secondary Forssman hemo- 
lytic and combining responses in the 
variously treated groups including those 
animals which formed antibody after X 
radiation. 

3. An increase in the size of the 
primary and secondary injections of 
sheep red cells resulted in a decrease in 
the radiosensitivity of the Forssman 
and isophile anamnestic responses. Al- 
though X radiation decreased the mean 
antibody responses even in animals re- 
ceiving the maximum antigen dosage, 
the depressing effect on the isophile and 
Forssman responses was approximately 
equal. 

4. Passively administered circulating 
antibody had a marked suppressive ac- 
tion on the primary response to a small 
dose of sheep red cells given intrave- 
nously. It seems likely that the circulat-_ 
ing antibody remaining from the pri- 
mary immunization has an important 
effect on the secondary response when a 
relatively small amount of antigen is 
injected. This effect may be greater in 
the X-radiated than in the unirradiated 
animal because the former has a steeper 
antigen dose-antibody response curve. 
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ANTIBODY PRODUCTION IN MICE FRACTIONALLY 
SHIELDED DURING EXPOSURE TO X RAYS 
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Intravenous injections of isologous 
bone marrow or spleen cell suspensions 
made shortly after just sublethal irradi- 
ation were ineffective in hastening the 
recovery of the immune response in 
mice although the injections did stimu- 
late earlier recovery of the circulating 
white blood cells.' Failure of this treat- 
ment to improve the hemolysin response 
despite its salutary effect on hemato- 
poiesis suggests that these physiological 
processes are relatively independent 
during recovery from irradiation in the 
mouse, Further evidence for their inde- 
pendence is presented in the results of 
experiments described in this paper. 
Various fractions of the body were 
heavily shielded from direct radiation 
by means of lead grids, thus leaving ir- 
radiated tissue masses surrounded by 
The purpose of 
these experiments was to determine the 


nonirradiated tissue. 


effect of the injured tissue upon the in- 
dividual hemolysin titers and to see 
whether hemolysin titers could be cor- 
related with the percent of the body ex- 
posed to radiation. 


MATERIALS AND METHODS 


Mice, males of an inbred NIH strain, 12 to 15 
weeks of age at the time of irradiation, were 
maintained in individual cages and given Purina 
laboratory pellets and water ad libitum. Irradia- 
tion was carried out with a 200 KVP therapy 
X-ray unit operating at 20 ma with 0.25 mm 
Cu and 0.51 mm al added filtration, HVL equal 
to 0.76 mm Cu. The dose rate was 100 r per min- 


ute in air and the distance from the target to the 
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1. Smith, F. and Ruth, H. J. 1955, Proc. Soc, 
Exper. Biol. & Med. 90: 187-191. 


Institutes of Health, National Cancer Institute, Radiation Branch, Bethesda, Maryland 


253 


center of the body was 40 cm. Littermates and 
treatment groupe were distributed as nearly 
uniformly as possible within each radiation group 
of 10 mice. Mice were given 2.4 mg of nembutal 
intraperitoneally just before irradiation. This 
amount of anaesthetic, 0.10 mg per g on the 
average, had no effect on subsequent antibody 
production in unirradiated control mice. 

Shielding during irradiation was provided by 
lead grids 3.8 mm thick which contained evenly 
distributed circular holes 0.08 cm* or 0.76 cm? in 
area, for convenience designated as small and 
large grids. The holes in the grids were so spaced 
that 10%, 41%, or 66% of the area occupied by 
the mice was open, 

Radiation doses were based on the “volume 
dose"’ concept and for the two doses, 450 r and 
750 r to the whole body, the volume dose for a 
25 g mouse would be 450 r 0.025 kg 11.25 kg 
r or 750 r0.025 kg =18.75 kg r. The radiation 
dose incident upon the various grids* and ex- 
posure times were adjusted to give equal volume 
doses in the two series of grid shielding experi- 
ments to be described. For example, the dose 
1830 r with the 41% grid, was found from the 
ratio of the percent open area of the grid to 
100%; thus, (100%/41%) K750 r=1830 

Mice were given an intravenous injection (0.01 
ml per g of body weight) of a 2.5% suspension of 
washed sheep erythrocytes at 1, 2 or 3 weeks 
after irradiation, Their serums were taken on the 
5th day after immunization and were preserved 
in C. P. glycerine. Fifty percent hemolytic end 
points were estimated colorimetrically as de- 
scribed by Taliaferro* within 30 to 40 days after 
collection of the serum, Hemolysin titer is given 
as the negative log of the dilution required for 
50% hemolysis of a standard suspension of sheep 
erythrocytes. Blood samples for total leucocyte 
counts were taken from the tail in parallel treat 
ment groups of mice. 


* Transmission of the radiation through the 
solid portion of the grids was calculated to be 
<0.001% 

2. Taliaferro, W. H. and Taliaferro, L 
J. Infect, Dis. 99: 109-128, 
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RESULTS 
Whole body irradiation 


Results of preliminary experiments 
with whole body irradiation at several 
X-ray doses, summarized in figure 1, 
demonstrate that the average antibody 
titers for mice immunized 7 or 14 days 
after exposure to 85 r did not differ sig- 
nificantly from the mean titer for 51 
nonirradiated Values for peak 
serum hemolysin titer in nonirradiated 
mice were pooled since means of the 
several individual experiments did not 
differ significantly from the over-all 
mean of —2.573+0.019 (S.E.). The ef- 
fect of increasing the radiation exposure 
to the whole body is shown both in the 
longer recovery time between irradia- 


mice, 


tion and restoration of mean peak titers 
and by the increased proportion of low 
titered serums observed following the 
higher doses. In mice exposed to 450 r 
the titers were uniformly in the < —1.0 
or 0 range until the 5th week after X 


ray. Whole body exposures of 85 r did 
not result in lowered hemolysin titers, 
while whole body exposure to 450 r in- 
hibited hemolysin production 
about the 5th week after X ray. 


until 


Hemolysin production and total leuco- 
cyte counts in sublethally 
irradiated mice 


Hemolysin titers and leucocyte counts 
of mice exposed to a constant volume 
dose applied to portions of the body 
ranging from 10% to 100% are shown 
in figure 2. The hemolysin titers are 
those taken 7 days after irradiation, and 
the leucocyte counts 5 days after irradi- 
ation. The bars represent the 95% con- 
fidence limits of the means. Recovery 
of the hemolysin response was essen- 
tially complete in mice immunized on 
the 14th and 21st day after exposure to 
10% and 41% of the body with either 
the large or the small grids although re- 
covery was not complete at 14 days in 
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Individual hemolysin titers in mice immunized at various times after exposure to the 


indicated doses. Means of the individual values are indicated by the triangular symbols and the 95% 
confidence limits of the means are shown by the short horizontal bars. 
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Fic, 2 Average peak hemolysin titers in 


groups of 16 to 29 mice immunized on the 7th 
day after the X-ray exposures are 
shown in the upper part of the figure and below 


indicated 


are given the average total leucocyte counts 5 
days after irradiation in groups of 15 to 20 mice. 
Data 
holes) 


obtained with the large grid (0.76 cm* 
(W.B.) 
shown by open circles and those with the small 
grid (0.08 cm*) are shown by the closed circles, 


bars represent the 95% confidence limits of the 


and wholebody exposures are 


means, 


the mice which received 66% body ex- 
posure. As indicated in figure 1, 450 r 
to the whole body resul*ed in supression 
of the hemolysin response until the 5th 
week after irradiation. Comparison of 
the data showed that the 0.76 cm? and 
0.08 cm? grid holes were not different in 
their effect on the hemolysin response. 

Average total leucocyte counts at 5 
days after irradiation were diminished 
as the percent open area of the grids was 
increased from 10% to 66% and were 
lowest for the mice exposed to 450 r to 
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the whole body. Mean leucocyte count 
for the mice exposed under the 10% 
grid with 0.76 cm?* holes (6100 + 390 
S.E.) was nearly twice as high as that 
observed with the 10% grid of 9.08 cm? 
hole (3150+ 290); P= <0.01 for 
difference between the means. Similarly, 


size 


with the 41°) open, large grid the mean 
white cell count was 2670+160 com- 
pared to 1820 + 180 with the 4:% small 
grid; P= <0.01 for difference. 


Mortality, hemolysin, production, and 
total leucocyte counts following 
lethal exposures 

Radiation exposures in the experi- 
ments of figure 2 were lethal to none of 
the mice within 26 days after X-ray. In 
an experiment the 
lethality of a higher radiation exposure, 
29 of 38 mice (74%) which had 41% of 
the body exposed to 1830 r through the 
large grid died within a 28 day observa- 
tion period (mean survival time = 12.8 
days), while 5 of 40 mice (13°7) died 
following a similar X-ray exposure 
through the small grid. Mortality was 
73% (29/40) in a control group of mice 
exposed to 750 r to the whole body.t 
These results are in agreement with mor- 


designed to test 


tality studies on grid shielded, irradi- 
ated rats reported by Kereiakes.’ 
Individual serum hemolysin titers of 
mice immunized on the 7th day after 
the higher radiation exposures are com- 
pared in the upper part of figure 3, and 
the mean leucocyte counts made on the 


5th day after irradiation are shown in 


the lower part of the figure. Mean titers, 


although somewhat lower at 7 days 
t This dose is usually taken to be an LDyjoo for 
NIH mice in our laboratory. However, it should 
be noted that the mice in the present experiments 
were anaesthetized during irradiation and that 
the target distance was 40 cm in these experi- 
ments 
3 Kereiakes, J G., 
and Krebs, A I 
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Fic. 3.—-Individual hemolysin titers and their 
averages in mice immunized on the 7th day after 
the indicated X-ray exposures are given in the 
upper part of the figure. Data obtained with the 
large grid (0.76 cm* holes) and wholebody (W.B.) 
exposure are shown by open symbols (0 «in- 
dividual titers, d= mean values), closed symbols 
are data the small (0.08 cm* 
holes) grid. Average total leucocyte counts made 
on the 5th day after X-ray are 
lower part of the figure. 


w.8.c. 


obtained with 


shown in the 
The bars represent the 
95% confidence limits in groups of 9 mice for 
each treatment. 


than those observed in the previous ex- 
periments (fig. 2) also showed evidence 
of nearly complete recovery of the 
hemolysin response on the 14th day 
after irradiation. Immunizations were 
not continued beyond 14 days after ir- 
radiation because of the high mortality 
rate at these doses, nor were any mice 
immunized following exposure to 750 r 
to the whole body. Leucocyte counts 
showed a drop as the open area of the 
grids was increased from 41% to 66% 


Average counts at 10% and 41% body 


exposure with the small grid openings 
tended to be slightly lower than with 
the large openings but the differences 
were not significant. 


DISCUSSION 


Whole body exposure to 85 r of X 
rays did not result in a significant lower- 
ing of the peak hemolysin titer in mice 
immunized 7 days after irradiation. The 
effect of increasing the whole body radi- 
ation dose was to lower the average 
titer in separate groups of mice im- 
munized at weekly intervals and to in- 
crease the proportion of serums with low 
titers. Mice exposed to 450 r over the 
whoie body produced no measurable 
hemolysin until 5 weeks after irradia- 
tion. Evidence from previous studies! 
slowed that an exposure of 450 r to the 
whole body did not significantly alter 
the time of peak hemolysin production 
in mice under the standard conditions 
of immunization described here. 

Partial shielding of the body during 
exposure to sublethal amounts of X rays 
by means of lead ¢vids proved to have a 
markedly protective effect on the pro- 
duction of antibody to intravenously in- 
jected sheep erythrocytes. This protec- 
tive effect was also observed in mice ex- 
posed to radiation doses which were in 
the lethal range. Average hemolysin 
titer in one group of 9 mice exposed to 
1830 r to 41% of the body through the 
large grid, known to be letSalto about 
70% of the mice, was only slightly lower 
than was that in the 10 mice exposed to 
this dose through the small grid. In the 
latter case the radiation was lethal to 
about 13% of the mice. Under the con- 
ditions of these experiments it is clear 
that the lethality of the X-ray exposure 
was independent of the antibody pro- 
ducing capacity of the mice. 

It is evident from the results of the 
experiments just described that expo- 
sure of as much as 66% of the body toa 
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HEMOLYSIN TITERS IN SHIELDED X-RAYED 


dose of 685 r or 1140 r (fig. 2 and 3) pro- 
duced only a moderate depression of the 
hemolysin titers. The injured tissue in 
these mice did not strongly affect the 
ability of the adjacent tissue to synthe- 
size antibody. On the other hand, ex- 
posure of the whole body to 450 r results 
in inhibition of the hemolysin response 
in the mice for a protracted time. These 
results indicate that a ‘“‘volume dose”’ of 
11.25 kg r may be applied to as much as 
66% of the body without resulting in a 
marked depression of the hemolysin 
production. 


Removal of the spleen completely 


abolished the hemolysin response in 
nonirradiated mice immunized by the 
procedures used in the experiments just 
reported. It is attractive to attribute 
much of the protective effect of the 
grid shielding on hemolysin production 
to the presence of undamaged spleen 
tissue. However, serums of splenecto- 


mized mice contain measurable amounts 
of hemolysin when the antigen is given 
intraperitoneally. 


SUMMARY 


Production of peak anti-sheep eryth- 
rocyte hemolysin titers in mice is not 
appreciably inhibited by exposure of 
the whole body to 85 r, while increas- 
ing radiation exposure progressively in- 
hibits the production of this antibody. 
Hemolysin titers remain undetectable 
until the 5th week after exposure of the 
whole body to 450 r. 

Peak hemolysin titers in mice ex- 
posed to 4500 r to 10%, 1100 r to 41% 
or 685 r to 66% of the body are within 
the limits unirradiated 
mice at 19 days after irradiation. Com- 
parable results were obtained when the 
radiation dose was in the lethal range. 
Total leucocyte counts decreased as the 
open area of the grids was increased. 


observed for 


257 


FURTHER STUDY OF SKIN REACTIONS IN RABBITS WITH 
EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS 


REACTIONS TO TESTS WITH PURIFIED WHITE MATTER FRACTIONS. 
USE OF A QUANTITATIVE TECHNIQUE FOR EVALUATING SENSITIVITY 
PRODUCTION OF SENSITIZATION AND DISEASE BY INTRADERMAL 
INJECTION OF ANTIGEN WITHOUT ADJUVANTS 


BYRON H. 


While a number of workers have 
demonstrated the presence in animals 
with experimental allergic encephalo- 
myelitis (EAE) of circulating anti- 
bodies against nervous tissue,'~* there 
has been little evidence that these are 
actually the disease 
process. On the other hand, in the same 


responsible for 


tests with 
homologous nervous tissue have sug- 
gested the presence of a hypersensi- 


animals, skin and corneal 


tivity of the delayed or tuberculin type, 
which is correlated to some degree both 
in intensity and in its time course with 
the intensity and clinical course of the 
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EAE.‘ In view of the possible signifi- 
cance of this correlation for understand- 
ing the pathogenesis of the disease, it 
seemed desirable to extend these find- 
ings by investigating the reactions to 
skin tests with more or less purified 
fractions of nervous tissue effective in 
producing disease® and contrasting these 
results with the obtained in 
fixation with the 
same purified materials. At the same 
time, it was recognized that a more 


results 


complement tests 


precise means of estimating skin sen- 
sitivity quantitatively was needed; and 
for this purpose the method worked 
out by Wadley® and used extensively 
in the study of tuberculin sensitivity by 
Long and his colleagues’ was applied. 
In the course of investigating the effect 
of repeated 


with active 


antigens in normal control rabbits, it 


skin tests 
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antigen in rabbits with isoallergic encephalo- 
myelitis. J. Immunol. 66: 421-444. 
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was found that some of these animals 
rapidly develop both skin sensitivity 
and EAE. The results in these different 


types of experiment are summarized 
in the present report. 
METHODS 
The techniques used making up antigen 


adjuvant mixtures and inoculating rabbits have 
been described in detail in previous papers.** 
Che preparation of bovine white matter fractions 
and their use in producing EAE have also been 
described elsewhere.* All animals were examined 
both clinically and histologically for the presence 
and degree of severity of EAE. 

Skin testing was carried out in areas prepared 
by depilation with a mixture of barium sulfide 
and starch, approximately 4:1, made up to a 
thin paste with water. The mixture was applied 
to a selected area and rinsed off as soon as the 
hair began to loosen (about 2 minutes). Depila 
tion was carried out 24 to 72 hours before testing 
so that injections would not be made in scratched, 
burned, or hairy areas. It was usually possible 
to depilate an entire flank, which remained hair- 
less for 2 or 3 weeks and permitted repeated tests 
without further shaving. In some skin areas, 
however, the hair grew back promptly; chese 
areas were not employed for testing. The skin 
near the ventral midline was also not used, as it 
was usually very thin and gave nonreproducible 
reactions, often much larger than those obtained 
elsewhere on the animal. All skin tests were 
intradermal injections of 0.1 ml of given suspen- 
sions or solutions. The reactions were observed 
and measured at 24, 48, and 72 hours. Measure- 
ments reported here refer only to induration at 
48 and 72 hours. The figures for diameter repre- 
sent the averages of the longest and shortest 
diameter of each reaction, The figures for thick- 
ness used in calculating the volumes, were ob- 
tained by micrometer the 
thickness of the reaction itself, folded between 
finger and thumb, subtracting that of adjacent 
normal skin folded, and dividing by 
two. While useful measurements could also be 


measuring with a 


similarly 


made of edema (especially at 24 hours), erythema, 
and rarely necrosis, none of these proved to be 
nearly as satisfactory from the standpoint. of 
interpretation or as reproducible as the indura- 
tion. In the earlier work, instead of precise meas- 
urement, a system of grading was used in 
evaluating the intensity of skin responses. Thus, 
+ represented approximately indurated reactions 
less than 5 mm in diameter, + +4 
to 10 mm, ++ 


those from 5 
those from 10 to 15 mm, and 
reactions of still greater size 
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Complement fixation was carried out by the 
technique of Lumsden and Kabat,' with the use 
of veronal buffer containing optimal concentra- 
tions of Ca** and Mg** as diluent, 4 units of 


commercial 


amboceptor, and an 


amount of 
photometrically at 
six 50% hemolytic units. The antigens were not 
anticomplementary in 


complement standardized 


concentrations several 


times greater than those employed for testing 
As the serums were stored at —20 C, they were 
not anticomplementary in the dilutions used. The 
titers reported here represent the serum dilution 
in the final mixture with antigen and complement 
in the last tube in which definite fixation was 
observed. 


RESULTS 


The results of skin testing with homo- 
logous spinal cord in an unselected 
series of rabbits inoculated with various 
types of rabbit central nervous tissue 
and adjuvants are shown graphically 
in fig. 1. It is clear that even with the 
use of a relatively crude method for 
grading reactivity, one can define the 
appearance and rise of skin sensitivity, 
which reaches its peak at essentially 
the same time that disease of the nerv- 
ous system appears and subsequently 
begins to decline. In animals which fail 
to develop EAE, sensitization occurs, 
with the difference that the intensity 
of the peak response is less: more than 
two thirds of these animals failed to 
whereas 
almost all of the animals with disease 
reached or surpassed this degree of sen- 


reach a sensitivity of 


sitivity. In other respects the curves 
are similar, 

In the course of an investigation of 
the encephalitogenic activity of frac- 
tions of bovine white matter injected 
with adjuvants® we carried out a com- 
parative study of the development of 
skin reactivity and the formation of 
complement fixing antibody against the 
various test fractions and their relation 
to the development of EAE. In all 
instances, rabbits were tested with a 
number of different fractions, not neces- 
sarily related to that used for inocula- 


: 
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EAE (30 RABBITS) 


DAYS BEFORE OR AFTER ONSET OF EAE 


WO EAE (2) RABBITS) 


DAYS BEFORE OR AFTER REACHING MAXIMUM SKIN REACTIVITY 


Fic. 1A (top) and 1B (bottom).—-Skin reactions to 10% rabbit cord in animals inoculated with 


cord plus adjuvants 


tion. In tables 1 and 2 are summarized 
the findings with the more highly purified 
materials at our disposal. The same 
method of grading skin reactions from 
0 to +++-+ was employed as in the 
earlier studies with homologous spinal 
cord, Fractions which possessed appreci- 
able encephalitogenic activity all gave 
distinctly greater skin reactions in 
animals which developed EAE than in 
those which did not. That the differ- 
ences are not more striking may perhaps 
be attributed to the fact that all skin 
testing was done on the 14th day, where- 
as many of the involved rabbits de- 


veloped disease, and presumably the 
associated sensitivity, some days later. 
Non-encephalitogenic substances failed 
to show a similar relationship. Thus, 
even with heterologous antigens there 
is evidence of a specific correlation of 
skin reactivity with activity in produc- 
ing disease. With less purified hetero- 
logous materials, as will appear in the 
following paragraphs, this relationship 
vas not so clear-cut. Cross reactions 
were observed among the proteolipides 
A and B, the lower phase and the 
ether-soluble lower phase, that is, 
rabbits inoculated with one of these 
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Encepha 
litogenic 


Test antigenst 


activity § 

Proteolipides A +B ei i4 
Proteolipide A Slight 14 
Proteolipide B Slight 13 
Acetone supernatant from ‘fluff 0 M 
Lower phase (LP) 26 .7* 28 
Acetone-soluble LP 0 

Ether-soluble LP 11.4% 15 
Ethanol-soluble LP 0 9 
Preteolipide ( 0 7 


* Skin tests on 14th day. Readings at 72 hours 
which differ markedly from controls shown in heavy type 


materials reacted to the others. It is 
possible that a single antigenic sub- 
stance is present in all these fractions. 

In contrast to the findings with skin 
tests, circulating antibody titers (table 
two) against all the test fractions were 
greater in EAE rabbits than in the 
others; there was no evidence of speci- 
ficity in this relative increase. The posi- 
tive findings cannot be due to the 
presence of serum protein in the various 
fractions, since bovine serum albumin 
gave no complement fixation with any 
of the serums. Nor can they be attrib- 
uted to anticomplementary effects, as 
the antigens tested did not fix com- 
plement with normal serums. Antibody 
formation appeared to have occurred 
in response to some antigen(s) widely 
distributed among the test fractions, as 
extensive cross reactions among almost 


TABLE 2 


With 
Test antigenst 
Serums 
tested Range 
Proteolipides A +B 5 0 66 
Proteolipide A 9 0” 
Proteolipide B 7) 0-120 


Acetone supernatant of ‘fluff’ 9 120 


Lower phase (LP) 6 480- > 480 
Acetone-soluble LP 9 - >480 
Ether-soluble LP >480 
Ethanol-soluble LP 9 > 480 
Proteolipide C 9 0-15 


* All bleedings on 14th day. Antigens used in concentrations of approximately 0.1 mg/ml except proteolipide A (0.01 


mg/ml). 


SKIN REACTIONS IN ALLERGK 


Tae 1.—Skin reactions to proteolipide and other fractions of bovine white 
matter in rabbits with and without EAE.* 


All antigens used in 


Complement fixation titers to bovine white matter fractions in 
rabbits with and without EAE.* 


IENCEPHALOMYELITIS 


With LAF Without FEAF 
Average Rabbits Average 

Range grade tested Range grade 
oO 4 1.4 15 0-1 0.6 
t-2 1.0 27 oO 1.3 
+-2 1.4 O 2 1.0 
t-3 4 1.1 
0-3 24 27 o4 1.0 
t-1 0.9 

0-4 18 t-3 1.1 
%-2 1.1 15 t-2 1.0 
+ 0.6 18 0.5 


concentration of approximately 0.1 mg ml. Reactions 


¢ Each group includes rabbits inoculated with several fractions other than that used for skin testing 
§ Estimated percentage of total encephalitogenic activity of fresh bovine white matter.* 


all of these were observed. Serums ob- 
tained from animals which had been 
immunized by repeated subcutaneous 
injection of the various fractions in the 
absence of adjuvants showed relatively 
low titers to the injected antigen and 
in one or two instances to other frac- 
tions, 

Long and Miles’ have perfected the 
method introduced by Wadley® of per- 
forming multiple skin tests with varying 
concentrations of a test antigen and 
using the plot of reaction diameter vs. 
log antigen concentration as a quantita- 
tive measure of sensitivity. The tech- 
nique may be refined by replication of 
individual doses and the use of ran- 
domizing techniques in assigning the 
sites of injection of successive tests. 
Estimates of sensitivity, especially in 
groups of animals subjected to different 


Without EAE 


Median —— Range Median 
15 6 0-15 0 
0 
20 0-120 is 

>480 20 15- >480 20 
440 5 15-480 

» 480 20 15- >440 120 
440 19 O- > 480 120 
> 480 20 0- > 480 240 
0 O-15 0 


t Each group includes rabbits inoculated with other fractions than that used for testing. 
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treatments, can be compared by stand- 
ard statistical techniques. This method 
can be easily applied with minor 
modifications to quantitating the skin 
reactivity to nervous system antigens 
seen in EAE (fig. 2 and 3). It is clear 
that with total lipide extract (TLE) 
of bovine white matter, which gives an 
emulsion in saline, i.e., is finely di- 
spersed, one obtains reactions which 
show the same relationship found by 
Long and Miles with tuberculin: the 
plot of diameter vs. log antigen concen- 
tration is linear over a certain range 
and of sufficient slope to permit com- 
parison between separate animals or 
between successive tests in the same 
animal, The use of plots of the volume 
of the reactions vs. log antigen concen- 
tration permits even more precise 
estimates to be made, since more data 
are being used to effect the same com- 
parison. In effect these curves have a 
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steeper slope. A somewhat different 
picture is obtained with a test antigen 
such as homogenized rabbit spinal cord, 
which consists of much larger particles. 
In this case, the diameter of the reac- 
tions changes little with increasing 
antigen concentration, more intense 
responses being manifested rather by 
greater induration and thickness. The 
diameter is unsatisfactory as a response 
metameter with this antigen, while the 
volume gives excellent regression lines 
With this material too, one cannot use 
as high concentrations of effective 
antigen as in the case of purified frac- 
tions; this fact further limits the range 
of responses and the resulting precision 


of the dose-response curve describing 


skin reactivity. The volume of the 
reactions to TLE is seen to be several 
fold greater than that of the reactions 
to homologous spinal cord; this differ- 
ence may result from the fact that TLE 
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Fic. 2.--Skin reactions of rabbits inoculated with bovine TLE plus adjuvants and tested with 
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Fic. 3. 


contains several and that 


these are heterologous, or simply that 


antigens 


this is a more finely dispersed material. 
It will be noted that the volume curves 
are clearly sigmoid. One may employ 
just the linear portion of these for 
estimates of skin reactivity or one may 
use the logarithm of the volume as the 
metameter—this the linear 
portion of each curve. It is, of course, 
necessary 


extends 


to control the results of re- 
peated skin tests with nervous tissue 
antigens by tests in normal animals, 
Such controls are seen in fig. 6 and 7, 


A further control, 


needed in certain 


types of experiments, is some measure 


of the nonspecific reactivity of the 
skin to inflammatory stimuli. Such 
a control may be provided by the 


use, for example, of urease or turpen- 
tine, which also produce delayed in- 
flammatory the rabbit 
skin. In the case of animals initially 


responses in 


inoculated with antigen plus Freund 
adjuvant, tests with tuberculin provide 


PERCENT RABBIT CORD USED FOR TESTS 


4 
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Skin reactions of rabbits inoculated with rabbit spinal cord plus adjuvants. 


a control of delayed sensitivity unre- 
lated to the EAE, 

Inspection of fig. 2 and 3 shows that 
all animals inoculated with TLE showed 
high sensitivity early, regardless of 
whether they developed EAE or not. 
As the antigen is an unpurified hetero- 
logous material, this result is hardly to 
With 


other 


be wondered at, homologous 
the hand, the 
correlation noted earlier between skin 
reactivity 


spinal cord, on 


and disease is observed. 
No. 80, which showed little sensitivity, 
failed to develop EAE. No. 81, which 
became sick on the 15th day, showed a 
high degree of reactivity to tests a few 
The remaining rabbits 
presented maximal skin reactivity at 


days earlier. 
the time of the second test and disease 
symptoms appeared at about the same 
time. It has been noted frequently that 
skin reactivity seems to diminish within 
a few days following the appearance of 
encephalomyelitis. This point is illus- 
trated by the group of responses shown 
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in fig. 2 and 3. It is of importance to 
learn whether this is the natural course 
of the sensitivity curve or whether the 
disease process in the nervous system 
in some way affects the evolution of 
-specific responses in the skin. In one 
experiment, this fall was observed in 
animals whose sensitivity to tuberculin 
remained relatively constant. This single 
observation would support the second 
suggestion. 

The dose-response curves obtained 
by measuring skin reactions to nervous 
tissue antigens can provide a number 
representing skin reactivity in any of 
several ways. One may use the concen- 
tration of test antigen required to give 
a response of given size as the measure 
of reactivity. A more intuitively satis- 
fying measure is obtained by using the 
size of the response to a given dose of 
test antigen. In either event the number 
is obtained from the straight line 
drawn (by eye or by the method of 


least squares) through the points on the 


linear portion of the dose-response 


curve. For the calculation to be mean- 
ingful, the lines must not differ signifi- 
cantly in slope. In figure 4 is shown the 
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course of skin reactivity to the ether- 
soluble lower phase (ELP) of bovine 
white matter in 5 rabbits inoculated 
with this material plus adjuvants. The 
logarithm of the volume of the skin 
response is used as metameter and the 
response is calculated at the midpoint 
of the range of concentrations of antigen 
tested. As this material is a moderately 
purified heterologous antigen, it is 
gratifying to observe that there is an 
excellent correlation of the course of 
reactivity with the presence and time of 
onset of EAE. The appearance of the 
skin reactions in one rabbit of this 
experiment is shown in fig. 5A. For 
comparison, reactions showing relatively 
more induration and less erythema in 
an animal inoculated and tested with 
TLE are also illustrated (fig. 5B). 
The final point concerns the produc- 
tion of EAE by a relatively few intra- 
dermal injections of heterologous anti- 
gen without adjuvant. In fig. 6 are 
shown dose-response curves in 3 pairs 
of rabbits receiving intradermal in- 
jections of TLE according to differing 
schedules. Of each pair, one animal 
developed EAE and the other did not. 
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Fie. top 


hic. 5B (bottom Seventy two-hour 


Forty eight-hour skin reactions to ELD in rabbit #¢873 photog 
day after inoculation, Onset of EAE on the 11th day 


skin reactions to TLI 
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raphed on the 16th 


in rabbit inoculated with TLE and 


adjuvants 13 days earlier. Onset of FAI on the Tith day 


Disease appeared after 4, 3 and 2 iInjec- 


lions of antigen, respectively (corre- 
sponding to total doses of 37.6, 28.2. 
and 18.8 mg, of TLE, which are in turn 
equivalent to 188, 141, and 94 mg of 
whole bovine white 
No. 5, 730, 731 


tivity represented as the diameter of the 


matter), in rabbits 


The course of Sensi 


reaction corresponding to the midpoint 
(1.773 


matter) is 


ot each dose-response curve 
rLE =8.99% 


shown in fig. 7 


white 
\lso the 


curves of sensitivity of 4 other rabbits 


bovine 
shown are 
in this experiment, who received similar 
intradermal injections of TLE accord 
still hedules None ol 


ing to other 


these developed EAE: 2 of them died 
accidentally the 


Phus disease was produced in 3 out of 


early in experiment 


10 animals. In these 3, skin SCHISITIVILY 


rose higher and was better sustained 


than in any of the remaining rabbits 


and there appeared to be some correla 


tion of the onset of disease with the 


time at which 


peak In 


sensitivity reached its 


two othe: 


experiments, 6 


rabbits receiving the same TLE prepa 
20 


and 5 receiving a fresh EP preparation 


ration (stored for 6 months at 


failed to develop EAI 


did develop SeSITIVITY, the 


The | Lh group 
ELP 
almost 
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SKIN REACTIONS IN ALLERGIC 


was again observed. This same correla- 
tion was found in the study of animals 
injected with purified fractions of heter- 
ologous (bovine) white matter but not 
in those injected with total lipide 
extract or other crude fractions derived 
While the 
correlation is imperfect, it is definite 
enough to justify further exploration 
of the hypothesis that EAE may itself 
be a consequence of sensitization of the 
delayed type directed at one or more 
antigenic substances in the animal's 
own myelin. The result with crude 
heterologous materials is consistent 
with the supposition that there are 
other antigens in these materials than 
those concerned in the production of 
EAE, 

The cross reactions between the ether 
soluble lower phase and the proteolip- 
ides A and B on skin testing sensitive 
animals, and the relation of their skin 
sensitivity to disease support the idea 
that only antigen effective in 
producing encephalomyelitis may be 
present in these unrelated fractions. 
The distribution of antigenic activity, 
as determined by ability to elicit skin 
reactions in animals developing EAE, 
is entirely parallel with its distribution 
as determined by ability to produce 
disease when injected with adjuvants.* 
Thus the skin test findings with these 
purified materials obtained from bovine 
white matter also favor the suggestion 
that encephalomyelitis and the delayed 
type of sensitivity are related. The 
failure to any correlation of 
circulating antibody titer to EAE must 
remain the 
kind of 


fractions 


from heterologous tissue. 


one 


obtain 


because of 
overlapping of 


inconclusive, 
broad this 


antigenic specificity among 
tested. 

At present there is no satisfactory 
in vitro test for the delayed or bacterial 
type of allergy. It may be justly re- 


marked that the investigation of hy- 
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persensitive reactions in this category 
has frequently been neglected in favor 
of the study of serum antibody, which 
is examined in the test tube, is readily 
measured by simple quantitative meth- 
ods, and may be kept in the deep- 
freeze essentially unaltered for long 
periods. In view of the obvious impor- 
tance of delayed sensitivity in a great 
variety of disease problems, the working 
out of a rational method of quantitation 
of skin reactions*:’ represents a sub- 
stantial advance in methodology. The 
technique of course is still limited by 
the need for using the living animal at 
the right moment and by the fact that 
reactions are influenced by imperfectly 
understood factors in the character of 
the skin being tested and in the general 
condition of the host. In this report we 
have presented examples of the use of 
this quantitative approach in further 
investigation of the problem discussed 
above, namely that of the relationship 
of skin sensitivity and disease in animals 
developing EAE. It is obvious that the 
same methods can be applied in com- 
paring the antigenic activity of different 
test fractions, in following the purifica- 
tion of individual fractions, or in com- 
paring the reactivity of animals sub- 
jected to different The 
the 
of skin 
reactivity.* However, the reactions dealt 
with here were clearly of the delayed 
or tuberculin type, being maximal at 
48 hours or later and indurated.‘ 

The need for using killed tubercle 
bacilli and mineral oil as adjuvants in 
the rapid production of EAE has con- 
stituted a stumbling block in the study 
of this disease process. While it has been 


treatments. 
technique is also applicable to 


measurement of other types 


8. Lovell, R. KR. H., Goodman, H. C., Hudson, B., 
Armitage, P. and Pickering, G. W. 1953, The 
effects of cortisone and adrenocorticotrophic 
hormone on experimental inflammations in the 


human skin. Clin. Se. 12: 41-55, 
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recognized since the original observa- 
tions of Rivers and his colleagues* that 
intramuscular injections of heterologous 
antigen without adjuvant continued 
for a long period of time, usually several 
months, would produce EAE in mon- 
keys, it is not generally realized that 
much briefer courses of immunization 
may also be effective. In 1947 Morri- 
son'® described the production of EAE 
in rabbits following a few intradermal 
injections of rabbit spinal cord which 
had been treated with Clostridium 

welchii toxin. One of a group of 5 

animals developed typical severe EAE 

20 days after the first inoculation, 

having received a total of 6 injections. 

One of another group of 3 was reported 

to show symptoms beginning the 7th 

day following the first inoculation. 

Jervis and Koprowski" in 1949 re- 

ported the production of EAE in 4 out 

of 90 dogs given a single large sub- 
cutaneous injection of rabies vaccine; 

the onset of disease was at 14, 18, 19, 

and 20 days. Similarly in 2 of 55 mice 

given rabies vaccine intraperitoneally 
every 2 days for 6 injections, EAE 
occurred,"* In these various experiments, 
the nature of the disease was confirmed 
histologically. Our own observations 
represent an extension of Morrison's 
findings. It is true that only a small 
proportion of animals injected with 

9. Rivers, T. M., Sprunt, D. H. and Berry, G. 
P. 1933, Observations on attempts to pro- 
duce acute disseminated encephalomyelitis in 
monkeys. J. Exper. Med. 58: 39-53. 

10. Morrison, L. R. 1947, Disseminated enceph- 
alomyelitis experimentally produced by the 
use of homologous antigen. Arch, Neurol. 
& Psychiat. 58: 391-416, 

11. Jervis, G. A., Burkhart, R. L. and Koprow- 
ski, H. 1949, Demyelinating encephalomyeli- 
tis in the dog associated with antirabies 
vaccination, Am, J. Hyg. 50: 14-26. 

12, Jervis, G. A. and Koprowski, H. 1949, 
Encephalomyelitis of possible allergic etiology 
in mice injected with rabies vaccine. Canad. 

J. Comp. Med, 13: 116-121. 
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antigen alone develop EAE, far fewer 
than are affected in experiments with 
adjuvants. The important point, how- 
ever, is that some do develop disease 
and these seem to be the same ones 
which develop intense skin sensitivity 
to the injected materials. Needless to 
say, human patients with postinfec- 
tious encephalomyelitis have not re- 
ceived injections of tubercle bacilli and 
mineral oil. Without going into the 
question of the possible adjuvant effect 
of the precipitating infection in man, 
it is important to know that simple 
exposure to antigen can cause sensi- 
tization and disease in some individ- 
uals. The dose of total lipide extract 
needed to produce disease, while less 
than that used in a single inoculation 
with adjuvants (‘he “standard level’’) 
in the ea:er study of white matter 
fractions, was well above the minimum 
quantity found effective under those 
conditions. Some of the experiments 
discussed here involved the use of a 
heterologous antigen, others the use 
of altered homologous material. As the 
material employed in all instances was 
unpurified and surely contained many 
other substances than the antigen, the 
possibility exists that some of these 
other substances had an adjuvant 
action. It is perhaps noteworthy that 
ELP, in one experiment with 5 animals, 
produced no disease and little or no 
sensitivity—nonantigenic agents with 
adjuvant action may be present in TLE 
and be removed in the purification lead- 
ing to ELP. 

An interesting question raised by our 
observation concerns the significance 
of the intradermal route of inoculation. 
In our first paper on the nature of the 
sensitization responsible for EAE, we 
pointed out the much greater effective- 
ness of inoculation by this route as 
compared with subcutaneous and intra- 
peritoneal injection.‘ The method was 
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later taken up by Lipton and Freund 
in their work with guinea pigs and 
rats®.* and by Olitsky’s group with 
mice."® Intradermal inoculation is now 
found to be effective without the usual 
adjuvants— indeed, judging by the re- 
sults of others discussed in the previous 
paragraph, rather more effective than 
similar injection by other routes. In 
Morrison's animals re- 
ceiving repeated intraperitoneal inocu- 
lations EAE 
immunization. 
have 


experiments, 


after 
Many evi- 
summarized*'* for 
the view that delayed sensitivity may 


developed only 
prolonged 
dences been 
be produced following intradermal in- 
jection of antigen alone in short term 
experiments, whereas injection by other 
routes usually produces this type of 
sensitivity only with the aid of adju- 
vants. The difference cannot reside in 
any special immunological property of 
the injected site. If the inoculation site 
is removed within an hour after inocu- 
lation, EAE nevertheless appears and 
the usual granulomatous response to 
the injected material is seen in the 
draining nodes and elsewhere in the 
body.'7"* The efficacy of the intradermal 


13. Lipton, M. M 1953, The 
efficacy of the intracutaneous route of injec- 
tion and the susceptibility of the Hartley 


and Freund, J. 


strain of guinea pigs in experimental allergic 
encephalitis. J. Immunol. 70: 326-329. 

14. Lipton, M. M. and Freund, J. 1953, Allergic 
encephalomyelitis in the rat induced by the 
intracutaneous injection of central nervous 
system tissue and adjuvants. J. Immunol 
71: 98-109 

15. Lee, J. M. and Olitsky, P. K. 1955, Simple 
method for enhancing development of acute 
disseminated encephalomyelitis in mice. 
Proc, Soc. Exper. Biol. & Med. 89: 263-266, 

16. Dienes, L. 1936, The 


response and the healing of infectious dis- 


specific immunity 


eases. Significance of active immunity and 


the connections between the immunity 


response and the anatomic lesions. Arch 
Path. 21: 357-386 
17. Freund, J. and Lipton, M. M. 1955, Ex 
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route may then be connected with its 
efficiency in bringing antigen into 
contact with large masses of lymphatic 
tissue. 
SUMMARY 
Skin 


tuberculin 


the delayed or 


may be 


reactions of 
type elicited in 
rabbits with experimental allergic en- 
cephalomyelitis by testing with homo- 
logous or heterologous nervous. tissue 
antigens. When homologous tissue or 
purified fractions of heterologous (bo- 
vine) white matter are used for testing, 
the reactivity observed is correlated in 
with the 
With 


preparations of heterologous origin this 


its time course and intensity 
development of disease. crude 
correlation fails. 

Cross reactions were obtained by skin 
testing animals with encephalitogenic 
bovine fractions other than those used 
for inoculation, It is suggested therefore 
that these different 
contain a single antigen. 


fractions may 
Plots of the diameter, volume, or log 
volume of skin reactions against the 
logarithm of the antigen concentration 
used for testing provide satisfactory 
regression lines for use in obtaining 
quantitative estimates of skin reactivity 
in individual animals or groups of 
animals at any given time. Examples 
are given of the application of this 
technique to the measurement of re- 
activity in experiments with different 
types of nervous antigens. 
Experiments are summarized in which 
allergic encephalomyelitis appeared 
within a short time in animals receiving 
repeated intradermal injections of bo 
vine total lipide extract without ad 


juvants. 


perimental allergic encephalomyelitis after 

the excision of the injection site of antigen- 

adjuvant emulsion. J. Immunol. 75: 454 
459 
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ISOLATION OF THE BACTERIAL CELL WALL BY MEANS 
OF HIGH POWER ULTRASONIC WAVES 


GIULIO BOSCO 


From the Institute of Hygiene, University of Rome, Italy, and the 
Department of Microbiology, University of Chicago, 
Chicago 37, Illinois 


Until relatively recently the effects of 
treatment of microorganisms with vi- 
brations of ultrasonic frequency (above 
20 kc/sec) have been of interest largely 
in connection with the bactericidal 
activity of such treatment (Bergmann, 
1949; Dognon, 1953; Grabar and Rouy- 
er, 1945; Laporte and Loiseleur, 1945; 
Rouyer and Grabar, 1947; Hamre, 1949; 
Bosco, 1952 and 1954a; Rheins and 
Finlay, 1954). With the conclusive 
demonstration of the existence of a cell 
wall, apparently of more or less complex 
structure, within the past few years, 
methods of separating such cell wall 
material from the cytoplasmic con- 
stituents of the cell with minimal 
denaturation of structural components 
have become of increasing interest 
(Robinow and Murray, 1953; Lamanna 
and Mallette, 1953; Mudd, 1954; Dubos, 
1955; Bisset, 1955). Previous studies 
have indicated that the action of 
ultrasonic waves on at least some 
species of bacteria is primarily mechan- 
ical in nature, resulting in physical 
fracture of the cell structure. 

Such break-up of cell structure allows, 
on the one hand, the preparation of such 
components as retain some degree of 
structural integrity, and, on the other 
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hand, soluble substances contained with- 
in the cells such as toxins, soluble 
antigens, enzymes, etc. (Stumpf et al, 
1946; Stone and Wilson, 1952; Bosco, 
1952 and 1955b; Colter et al, 1956), 
liberated into the surrounding medium 
through mechanical disruption of the 
containing structure of the intact cell. 
While some degree of denaturation of 
the substances within the latter group 
may occur, there is some reason to 
suppose that alterations at the molecu- 
lar level are minimal, in contrast with 
those resulting from extraction of such 
materials with reagents such as phenol, 
glycols, urea, glycine, etc. or prepared 
from lysates resulting from the altered 
metabolism of cells infected with bac- 
terial viruses, or allowed to disintegrate 
as a consequence of autolytic processes. 

However this may be, the mechanical 
disruption of cellular structure makes 
possible the demonstration of struc- 
tural components of the bacterial cell 
with minimal formation of artifacts, and 
allows study of the soluble portion of 
the cell substance with tne view of 
determining whether such materials are 
substantially altered by the procedure 
or resemble more closely such materials 
as they occur in the cell than those 
prepared by usual extraction procedures. 

The present report consists of an 
extension of previous studies using 
Bacillus mycoides as the test micro- 
organism, and is concerned with the 
morphologic consequences of treatment 
of the cells of this microorganism with 
ultrasonic waves. 
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MATERIALS AND METHODS 


Cultures of B 


mycoides were grown on beet 
infusion agar slants for 6 hours at 37 (¢ The 
microorganisms were harvested in sterile distilled 
water as suspensions containing about 1 10° 
cells per ml. These suspensions were immediately 


subjected to 
of 400 ke see 
Ihe 


mented by 


ultrasonic waves* at a frequency 


at 2000 volts and a power of 800 


watt treated 


microorganisms 
2000 


preparation of stained smears and 


Lamination im 


were sedi 


nirilugation at 


rpam. and 


wed for the 


lor ¢ the electron bs 


evaporation on 


followed 


the formvar-coated screens 


hadowing with palladium, Untreated 
microorganisms, otherwise identical, 


were used 


for control preparations 


KESULTS 


The material subjected to treatment 
cells of B 
mycoides at the beginning of the resting 


consisted of vegetative 


phase; sporulation hud not yet been 
* \ quartz crystal generator, model \-1000 
manulactured by Piezo Products Company, 


Framingham, 


Massachussets., 


Vevetati ‘ 


From Boseo 


cells of B. mycoide ifter 


Fig. 1 
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20,000 
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initiated. They stained deeply and 
uniformly with basic dyes such as 
crystal violet and basie fuchsin, and 


were strongly gram-positive. 
Preliminary experiments had shown 
that, in confirmation of results obtained 
with Bacillus megatherium and reported 
1954b dis- 
integration of the cell structure of B, 
mycoides Was largely complete after 4 to 


elsew here (Bosco, and 


5 minutes of treatment. This destruction 
was accompanied by the 
gross appearance of the suspension; the 


turbidity 


changes in 


cleared rapidly 
had 


leay c 


entirely 


end of 


treatment almost 


to 


disappeared only a 


slightly 
opalescent: solution, 

Phe destruction of the bacterial cells 
was followed by removal of material 
at intervals, and microscopic examina- 
tion both in stained smears and electron 
micrographs. By the former method it 


was clearly apparent that the cells were 


of 


30,000: fig. 4, 


treatment 


Shadowed with 
45.000; 4, #15000 


fig. 2 


4 
& 
a he 
- 


Cell walls of B 
x2) 000 


Kia, 5 


owed with palladium 


broken 


consisting of 


cellular 
the 
bacilli and, as in the case of B. mega- 


rapidly down to a 


debris fragments of 
therium, these were gram-negative, 

The breakdown of the cells was more 
clearly apparent at a higher magnifica- 
tion with electron microscopy, as illus- 
trated in the accompanying figures. 
Cells treated for 4 minutes are shown 
in figures 1, 2 and 3. In figures 1 and 2, 
as discussed in a previous paper (Bosco, 
1954), of the cell 


apparently crushed; in figure 3 


pieces wall were 
one 
remains in close 


cell, 


fivure 4 the cell has been literally torn 


of such fragments 


proximity to broken and in 


apart. In all of these micrographs the 
cell wall appears to be a thick structure, 
but this appearance is probably due to 
the adhesion of a layer of cytoplasm to 
the wall itself. Thus, in figure 5, show- 
ing material taken after 5 minutes ex- 
posure, the cell wails seem to be much 
thinner in comparison with cell walls 
prepared by other methods (Dawson, 
1949; Salton 195ta and 


and Horne, 


mycoides, freed from cytoplasmic debris 


Five-minute exposure. Shad 


1951b; Northcote and Horne, 1952; 
Weibull and Hedvall, 1953; Houwink 
and Kreger, 1953; iKingsloe et al, 1954; 
Salvin and Ribi, 1955: Slade and Vetter, 
1956a and 1956b). The continued effects 
of ultrasonic treatment thus seems to 
wash away adhering layers of cytoplasm 
from the cell walls of disrupted bacilli 


DISCUSSION 


Study of the structure and nature of 


the cell wall of bacteria is obviously 


dependent upon the preparation of the 
material to be investigated in a form 


such that it is free from 


the cell. In bae- 
teria that have been examined the cell 
wall 


reasonably 
other constituents of 
appears to retain its structural 
the broken by 
ultrasonic waves, and it would appear 


integrity when cell is 
that the application of this method is 
one of the most promising approaches 
to the preparation of starting material 
for further physical and chemical study. 
For the disruption of the bacterial cell 


a number of physical methods have 
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been devised (Rahn, 1945; Lamanna 
and Mallette, 1953; Hugo, 1954; Alex- 
ander, 1956), including grinding of the 
cells in the wet, dry or frozen state with 
abrasives such as alumina, sand, glass 
beads and the like, crushing between 
glass slides, long mechanical agitation 
with inert particles, freezing and thaw- 
ing, pressure and sudden release of 
pressure. The long treatment with low 
power sonic vibrations will be discussed 
elsewhere. The bactericidal effects of 
ultrasonic treatment were investigated 
a number of years ago; it is now clear 
that the killing effects of such treat- 
ment are referable to physical effects, 
such as crushing, tearing and laceration 
of the cell structure, and consequent 
killing of the microorganism. 

The extent of denaturation of the 
chemical constituents of the cell wall 
structure by such physical treatment 
remains to be precisely defined. While 
it is probable that some alterations of 
the chemical components of the cell 
wall occur, it is likely also that they 


are minimal as compared with that 


occurring as an inevitable consequence 
of treatment of the cells by chemical 
methods as in the dissolving of the cells 
in solutions of urea or glycine etc. It is 
open to question as to whether the 
denaturing effects of physical disrup- 
tion of the bacterial cell are a function 
of the energy level of the process applied, 
or whether such consequences are 
cumulative and thus are to be related 
to the total energy applied to the cell. 
It appears to us that the disruption of 
the bacterial cell by physical means for 
the preparation of cell material is 
preferable, and from this point of view, 
the relatively rapid disruption produced 
by the application of high energy ultra- 
sonic vibrations may be superior to 
other methods involving a longer time 
element, and in any case not inferior 
if alterations in the cell substance are 
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a cumulative effect. Purely technically, 
the ultrasonic disruption of the bac- 
terial cell in the preparation of the cell 
wall is simple, rapid and convenient in 
application, and it is for this reason 
that the results reported here are 
presented. 


SUMMARY 


The consequences of treatment of 
bacteria by ultrasonic vibrations have 
been shown here to be due to a physical 
disruption of the cell structure such 
that the cytoplasm is liberated by frac- 
ture of the cell wall, resulting in the 
preparation of relatively uncontami- 
nated cell wall substance as shown by 
electron micrographs of treated cells. 
It is suggested that alteration of the 
constituents of the cell is at least 
minimal under these circumstances, and 
that this ultrasonic treatment is a 
rapid and efficient method for the 
preparation of such substances as a 
preliminary to further study. 
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THE USE OF SOLUBLE ANTIGEN FOR THE SEROLOGICAL DIAG- 
NOSIS OF INFLUENZA IN VACCINATED POPULATIONS 


MAX J. ROSENBAUM AND ROBERT L. WOOLRIDGE 


From the Division of Immunology, Naval Medical Research Unit No. 4, 
U.S. Naval Training Center, Great Lakes, Illinois 


In the 
evaluation 


course of influenza 


vaccine 
undertaken at the 
United States Naval Training Center, 


studies 


Great Lakes, Illinois, it was necessary 
to determine whether significant anti- 
body titer changes were due to the 
response of individuals to the vaccine 
or to The 
use of infected chick embryo allantoi 
fluids as antigen in the complement 


recent influenza infection. 


fixation and hemagglutination inhibi- 
tion tests provides little information in 
regard to this problem.'? 
the 
the influenza 


virus indicate that it may be used to 


However, 


accumulating data on “soluble” 


antigen component of 
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differentiate between antibodies arising 
from natural infection and those result- 
ing from vaccination,’ 

the soluble 
antigen was noted at the time of in- 
fluenza type B outbreaks in the naval 
recruits during the fall and winter 
months of 1954-55 and 1955-56, when 


studies on the effectiveness of influenza 


The diagnostic value of 


vaccine were also carried out, Data are 
presented to show that antibody titer 
rises due to influenza vaccination were 
the 
fixation test using allantoic fluid anti- 


demonstrable with complement 


gens, whereas complement fixation anti- 


body titer rises were usually not 


demonstrated when soluble antigens 
employed. Further evidence presented 
indicates that natural infection probably 
occurred where a titer rise was demon- 
strated by soluble antigen. It was also 
found that the small amount of soluble 
antigen in the formalized vaccine had 
only doubtful antigenic effect and thus 
presented no problem in the interpreta- 
tion of complement fixing antibody 
titer rises in the vaccinated group. 

A simple method is also presented 
for preparing the soluble antigen from 


infected allantoic fluid. 


MATERIALS AND METHODS 


Vaccination program.—-During the winter of 
1954-55 a polyvalent influenza vaccine contain- 
ing Lee B, FM-1A’, and Conley A’, was admin 
istered to 4400 men, while 8900 men received 


formalized saline placebo. Within this population, 


3. Brand, G. and Muller, F. 1954, Vergleichende 
Untersuchungen zur Herstellung von Anti 
genen fur die Influenza-Komplementbindun 
gereaktion, Ztschr. f. Hyg. und Infektionskr 
139: 421-432. 
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five training companies were selected for special 
study. They were so chosen that serological 
observations made throughout the 
entire winter. Two of these companies (totaling 
110 men) were selected for the soluble antigen 
studies when it was found that they had been 
in training during the period when an influenza 
outbreak occurred January 16 to 
February 5, 1955). 

The men of these special study companies were 
inoculated with the influenza vaccine or a placebo 


could be 


(between 


as part of the processing of all incoming recruits. 
At the time of inoculation, and subsequently at 
21-day intervals, blood specimens were obtained 
and the serums frozen and stored at —24 C until 
used, In addition, daily clinical observations 
were made on each man of one of these com- 
panies. 

Influenza vaccination for 1955-56 was begun 
in November 1955 and was completed in March 
1956. A polyvalent influenza vaccine containing 
equal Chicken Cell Agglutination (CCA) units 
of influenza virus types GL 1738-B, F M-—1A’, and 
Swine-15 was administered to approximately 
6000 men of the recruit training population, 
while another 6000 men received a formalized 
Men being 
replaced upon termination of their nine weeks 
training program, One regiment of naval re- 
cruits (4000 men) was selected for an epidemio- 
logical survey on acute respiratory diseases, Men 
in this regiment were 


saline placebo were continually 


selected randomly to 


provide estimates on the prevalence of respira- 


tory illness in the recruit training population. 
When the 1955-56 was in progress 

three training companies (totaling 286 men) were 

chosen for the solubie antigen studies. One- 


survey 


hundred and forty men received influenza vaccine 
and 146 received placebo. The overlapping train- 
ing time of these companies coincided with out- 
breaks of influenza types B and A within the 
entire recruit population. The vaccination of re- 
cruits, collection of serums, and storage, were 
identical to the procedures employed in 1954-55. 
No clinical data nor nasal washings from the men 
of these companies were obtained. 

Since other the incidence of in- 
fluenza indicated that no A, A’, nor C viruses 
were implicated in the 1954-55 influenza out- 
break at 


studies on 


this installation, these viruses were 
excluded from the 1954-55 soluble antigen 
studies.* The allantoic fluids infected with the 


4. Woolridge, R. L., DeMeio, J. L., Whiteside, 
J. E. and Seal, J. R. 1955, Epidemic influenza 
B and C in navy recruits, 1953-54. Proc, Soc. 
Exper. Biol. & Med. 88: 430-435. 
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type B viruses, Lee and the prototype GL-1738 
54-B, and their respective soluble antigens, were 
employed in these studies. During 1955-56 out 
breaks of type B and then type A occurred 
Therefore, whole virus and soluble antigens 
prepared with the Conley A’ and GL-1738-B 
strains were used in the 1955-56 antigen studies. 

Preparation of antigens.—Both whole and 
soluble antigens were prepared by inoculating 
0.1 ml of a 10-8 dilution of stock virus intra 
allantoicaliy into 10-day-old embryonated eggs. 
After incubation at 35 C for 48 to 72 hours the 
allantoic fluids were harvested, subjected to low 
speed centrifugation, and divided into equal 
volumes, One part was stored at —24 C to be 
used as whole viral antigen. 

Soluble antigen was prepared by subjecting 
the remaining infected allantoic fluid to hich 
speed centrifugation at 20,000 r.p.m. (26,360 
XG av.) for 1 hour in the Spinco ultracer'trifuge, 
model L, using the number 40 rotor heed. This 
procedure is similar to that of other investigators 
and is effective in the sedimentation of most of 
the viral particles.’:**~* Eighty percent of the 
supernatant fluid containing the soluble antigen 
was removed from the centrifuge tubes using 
care not to disturb the pellet. Thus, a good 
portion of the initial volume of flu‘d was re- 
covered, The supernatant was then treated with 
1%, by volume, chicken red blood cells to adsorb 
any viral particles remaining in suspension. The 
suspension was held at 4 C for 45 minutes, and 
then centrifuged at 2500 r.p.m. for 15 minutes 
to remove the virus adsorbed to the agglutinated 
red cells and the remaining suspended red cells. 
The final supernate was tested for residual 
hemagglutination by the method of Salk.* If the 
tests were positive the fluid was again treated 
with chicken erythrocytes. When the hemag- 


5. Lennette, E. H. and Horsfall, F. L., Jr. 1940, 
Studies on epidemic Influenza virus (The 
nature and properties of the complement 
fixing antigen), J. Exper. Med. 72: 233-246. 

. Henle, W. and Wiener, M. 1944, Complement 
fixation antigens of influenza viruses types 
A and B. Proc. Soc. Exper. Biol. & Med. 57: 
176-179. 

. Stanley, W. M. 1944, The size of influenza 
virus. J. Exper. Med. 79: 267-283. 

. Hoyle, L. 1945, Analysis of complement fixa- 
tion reaction in influenza. J. Hyg. 44: 170 
178. 

. Salk, J. E. 1944, A simplified procedure for 
titrating hemagglutinating capacity of in- 

fluenza virus and the corresponding antibody. 


J. Immunol, 49: 87-98. 


= 
4 
4 
a 
\ 
1 


glutination test was negative the soluble antigen 
fluid was divided into desired aliquots and stored 
at —24 C. Samples of the soluble antigen prepara- 
tion along with its homologous whole viral 
antigen were tested by the complement fixation 
method to determine antigen potency and op- 
timal concentration of antigen to be used in the 
test. 

Soluble antigen was also prepared from pooled 
aliquots of formalin inactivated commercial 
influenza vaccines. The formalin was removed 
by dialysis with 0.10 M phosphate buffer solution 
until the Benedict solution test for the presence 
of the aldehyde group was negative. The dialyzed 
vaccine was then subjected to centrifugation 
and adsorbtion techniques already described to 
obtain the soluble antigen. The soluble antigen 
from the vaccine was titrated by the complement 
fixation test against known positive human type 
A and B immune serums. Only the undiluted 
soluble component of the vaccine was found to 
be satisfactory in the complement fixation test 
A and B antiserums. To 
ability of this 
as part of the vaccine, antibody 


when titrated against 
determine the immunogenic 
component 
titrations were performed using it as antigen in 
test. Paired serums 
were collected from 25 men who had been vac- 
cinated with influenza vaccine from which the 
soluble antigen was prepared. 

The spectrophotometric hemag- 
glutination inhibition test of Hirst and Pickels 
was used to determine the antibody response to 


the complement fixation 


Serology. 


the vaccine." To remove the nonspecific in- 
hibitor before performing the hemagglutination 
inhibition tests, the serum was treated with the 
receptor destroying enzyme (RDE) of Vibrio 
cholerae, employing the method of Tyrrell et al." 
The modified Kolmer technic was employed for 
the complement fixation test.'* Using the optimal 
proportions method of Friedewald a preliminary 
complement titration in the presence of antigen 
was first made to obtain an accurate appraisal 


10. Hirst, G. K. and Pickels, E. G. 1942, A 
method for the titration of influenza hemagg- 
lutinins and influenza antibodies with the 
aid of a_ photoelectric 
Immunol. 45: 273-283. 

11. Tyrrell, D. A. and Horsfall, F. L., Jr. 1952, 
A procedure which eliminates nonspecific 
inhibitor from human serum but does not 


densitometer. J], 


effect specific antibodies against influenza 
viruses, J. Immunol. 69: 563-574, 
12. Kolmer, J. A. and Boerner, F. 1954, Ap 
proved Technic, ed. 4, New 
York, D. Appleton Century Company. 
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of the complement activity." Following this 
determination, several titrations were set up at 
the same time varying the quantities of comple- 
ment, and antigen in the presence of immune 
serum dilutions. The least amount of antigen, 
together with the lowest number of full units of 
complement, which produces the highest anti- 
body titer was taken as the optimal unit of 
antigen. All complement fixation tests were held 
overnight at 4 C before adding the hemolysin 
and sheep erythrocytes. 

In comparing titers from initial and subsequent 
serums a positive result was considered to have 
occurred when a fourfold or greater antibody 
It was observed 
that 85% of the antibody titer rises to soluble 
antigen started at initial dilutions of less than 8 
difficulties 


the above 


titer rise of antibodies was noted 


and no were encountered in using 


criterion to determine significant 


rises. 


RESULTS 
Hemagglutination anti- 
body titer rises due to influenza vac- 
cination in Naval recruits for 1954—55 
are shown in table 1. In the vaccinated 
three were 30 the 
homologous Lee antigen, whereas with 
the heterologous prototype GL-1738 
54B only 17 rises could be detected. 
Only one man of the 69 men in the 
placebo group had an antibody titer 
rise using the Lee 


inhibition 


men titer rises to 


antigen, This is in 
contrast to 10 men having antibody 
titer rises to the GL-1738-54B strain. 
These little 


between 


evidence of 
the Lee 
influenza virus and infections due to the 
GL-1738-54B virus strain. 
there is 


data show 


antigenic crossing 
However, 
evidence of some crossing 
between the GL-1738 virus and the Lee 
vaccine 
47% 
Both of these comparisons yield Chi 
Squares well beyond the 1% level of 


antibodies as shown by the 


(17/36) rises in vaccine group. 


statistical significance and so are not 
regarded as due to sampling accidents. 
The results of the complement fixation 


13. Friedewald, W. F. 1943, The immunological 


response to influenza virus infection as 


measured by the complement fixation test, 


J. Exper. Med. 78: 347-366. 
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TABLE 1.—-Numbers and percents of Navy recruits, variously in training from 


December 20, 1954 to March 11, 1955, with influenza antibody titer rises. 


Influenza antibody titer rises to 


Number 
Treatment of Whole antigen Soluble antigen 
men 
Lee GL-1738 Lee GL-1738 
Complement fixation 
Vaccinated 29 (85%) 16 (46%) 10 (29%) 14 (40°) 
Placebo 75 22 (29%) 21 (28%) 21 (28%) 22(29%%) 
Hemagglutination inhibition 

Vaccinated 6 Ww) (83%) 17 (47%) 
Placebo ot 1(1%) 


* Serums of one man were unavailable 
t Serums of six men were unavailable 


tests using allantoic fluid antigens bears 
out this interpretation. When soluble 
antigens were used for the respective 
viruses no significant differences were 
evident. 

When the soluble and whole virus 
antigens were compared in the com- 
plement fixation test, differences were 
evident. Of 35 men in the vaccinated 
group, 29 exhibited titer rises to Lee 
whole antigen, as compared to 10 men 
with titer rises to Lee soluble antigen. 
Proportionally, about three times the 
number of men showed titer rises when 
whole virus antigen was employed as 
compared to rises noted with soluble 
antigen. Of the 75 men in the placebo 
group, 22 had antibody titer rises to 
whole Lee antigen and 21 had titer 
rises to Lee soluble antigen. In_per- 
centages, these titer rises are about the 
same as those demonstrated by soluble 
antigen in the vaccinated group. This 
can be interpreted to mean that the 
large number of titer rises in the vac- 
cinated group to whole Lee antigen 
were due to antibody responses to the 
vaccine, and that rises to soluble Lee 
antigen in this vaccinated group were 
due to infection. It is interesting to note 
that despite the antigenic crossing be- 
tween the antibodies to the Lee vaccine 
and the GL-1738-54B virus the Lee 
vaccine apparently did not project 
against GL-1738-B infections. It is 
also evident from table 1 that the 
results of the hemagglutination in- 


10 (14%) 


hibition tests in the vaccine group 
essentially agree with the complement 
fixation data. Neither the complement 
fixation test with whole antigen, nor the 
hemagglutination inhibition test will 
discriminate between antibody titer 
rises due to infection and those due to 
vaccination response. 

Differences in antibody response to 
soluble and whole virus antigens in the 
complement fixation tests for 1955-56 
are shown in table 2. The contrast is 
more striking in the case of influenza 
type B since the antibody response to 
the type A component of the vaccine is 
meager. In the first company group 
of 77 men who received the influenza 
vaccine, 27 exhibited antibody titer 
rises to GL-1738-54B whole antigen as 
compared to 8 men to GL-1738 soluble 
antigen. Proportionately, about 3.5 
times as many men had titer rises to 
whole virus antigen compared to rises 
with the soluble antigen. Of the 79 men 
in the placebo group, 4 men had anti- 
body titer rises to both GL-1738 whole 
and soluble antigens. 

Statistically there is no significant 
difference between the number of com- 
plement fixation antibody titer rises to 
1738-B soluble antigen in the vac- 
cinated group and the number of anti- 
body titer rises to 1738-B whole antigen 
or soluble antigen in the placebo group. 
When these data are compared with the 
results of complement. fixation tests 
performed on paired serums from men 
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Parte 2 Numbers and percents of Navy recruits, from observations on special study companies 
and on epidemiological surveys of a recruit regiment, with influensa complement fixing 
antibody titer rises (1955-56 


Company studies Epidemiological survey 
Treatment Number Antibody titer rises to:* Number Antibody titer rises to:* 
of ot 
men WV.A‘ SA.-A’ WV-B men WA-A SAA SA-B 
Group 1. Period of November 1 through November 26, 1955 
Vaccinated 77 4 0 27 8 0 
(35%) 
None 70 i i 4 4 77 2 2 a 5 
(1%) (1%) (S%) 5% ) 3%) (10%) 10% 


Group 2. Period of December & through January 5, 1956 
0 0 0 0 
3°%) 22%) 3%) 
None 2 0 0 0 0 0 0 
5%) (8%) 


Group 4. Period of January 14 through February 16, 1956 


Vaccinated 26 ; ; 10 0 47 0 0 i 1 a 
None 27 0 0 su 2 2 
11°) (3 2 


* WY. whole virus antigen; SA, soluble antigen 


given placebo in the regimental study and seven to 1738-B whole antigen 
‘| during this same period of training, the In Chi Square comparisons significant 
4 correlation of the number of antibody differences are demonstrated between 
titer rises due to infection is shown. Of the soluble antigen derived from the 
the 77 paired serums taken from ran- vaccine and the whole antigen. If the 
domly selected men receiving placebo, or soluble antigen in the vaccine was able 
were untreated, there were 8 comple- to produce an antibody response no 
ment fixation antibody titer rises to significant differences should have been 
soluble GL-1738 antigen and whole’ observed when using this antigen and 
antigen, as compared to eight antibody the whole antigen in detecting antibody id 
titer rises to soluble antigen in serums titer rises due to both infection and 
from the influenza vaccinated company — vaccination. 
group. This similarity is also evident It has been suggested that antibody 
when findings in company groups 2 and titer rises to soluble antigen can be 
3 are compared with those of the correlated with clinical influenza infec- 


epidemiology survey. 
Table 3 shows the complement fixa- Panie 3.--Numbers of Navy recruits, inoculated 
J tion serology on initial and 21-day with influensa vaccine with a complement 
serums drawn from 25 men who received fixation antibody titer rises to antigens 


prepared from commercial vaccine and 
a commercial influenza vaccine contain- 

from infected chicken embryo 

ing soluble antigen. The antigens used 


were soluble antigen from the vaccine, 


soluble antigen 1738 B, and whole Influenza antibody titer rises 
antigen 1738-B. Antibody response was Antigen Two 9 four. 
None told te nee 
tabulated as no rise, twofold rise and _ ee oe 
fourfold or greater rise in seruM anti- antigen - 
of body titer level. Two of these men — 
4 antigen 7 5 2 
showed significant rises with the soluble 


antigen from the vaccine, whereas there antigen 


were five rises to 1738—B soluble antigen pentane 


a 
| 
| 
~ 


280 Max J. Rosensaum And Ropert L. 


Numbers of vaccinated Navy recruits, 
clinically examined each week day, with com 
plement fixation antibody liter rises 


Kespiratory illness 
(influenza like) 


Fourfold or greater antibody 
titer to Lee soluble antigen 


Kine None 
Present 2* 
None 0 12 


* Both men apparently had adenovirus infections 


tion.'” This correlation of serological 
results with the complement fixation 
test and clinical data can be deduced 
from table 4. The 17 men who received 
the vaccine in the company examined 
daily were titrated for antibody response 
using whole Lee antigen and its homol- 
ogous soluble antigen component. Four- 
teen of the 17 men showed antibody 
titer rises to whole antigen but only 3 
had antibody titer rises to the soluble 
antigen. In each case of an antibody 
rise to soluble antigen, there was also 
clinical evidence of influenza infection. 
There were no instances of an antibody 
titer rise to soluble antigen without a 
simultaneous titer rise to the whole 
antigen. Conversely, men with titer 
rises to whole antigen and not to soluble 
antigen did not exhibit influenza-like 
illnesses except in the cases of two men 
whose infections were found to be 
associated with the adenovirus type 4, 
as shown ‘y specific antibody response 
and virus isoiation. 


DISCUSSION 


The existen:« of a soluble antigen for 
influeaza was irst described by Hoyle 
and Fai vrother.“ The exact chemical 
and physical nature of the soluble 
antigen is stil! obscure and at present 
is under investigation.’"® However, it is 


14. Hoyle, L. and Fairbrother, R. W. 1937, 
Antigenic structure of influenza viruses. J. 
Hyg. 37: 512-520. ‘ 

15. Ada, G. L. and Perry, B. T. 1954, Studies 
on the soluble complement fixing antigens 
of influenza virus. 3. The nature of the 


known that the virus antigen can be 
separated into two components having 
different sedimentation rates (S).’°~* 
The differential centrifugation technic 
for the separation of the soluble antigen 
(30S) from the virus particle (600S) has 
been frequently described in the litera- 
ture and the basic methods were applied 
in preparing the soluble and viral anti- 
gens in the present study. The produc- 
tion of soluble antigen described in this 
paper is a simple process with high 
volume recovery from infected allantoic 
fluid. The soluble antigen can be stored 
at —24 C for at least 3 months without 
loss of potency. 

The attribute of soluble antigen of 
being type specific rather than strain 
specific! *.**"6 Jends itself to use as a 
screening antigen in large studies, re- 
sulting in economy of materials and 
time. 

As has been suggested in previous 
studies, investigation has shown that it 
is possible to distinguish between anti- 
body rises due to the infection from 
those due to vaccination by using 
soluble antigen. Thus it is of definite 
value in serological surveys of influenza 
where the population has been vac- 
cinated because residual antibody levels 
from vaccination tend to mask antibody 
titer rises from infections when whole 
virus antigen is used. 

The theoretical question as to why 
the soluble antigen does not react with 
antibodies provoked by formalized vac- 
cines perhaps can be answered by sug- 
gesting that sufficient 
soluble antigen in the vaccine to provoke 
an antibody response. The small amount 


there is not 


antigens. Austral. J. Exper. Biol. 32: 177 
186. 

16. Lennette, E. H. and Horsfall, F. L., Jr. 1941, 
Studies on influenza virus. (The complement 
fixation antigen of influenza A and swine 
influenza virus.) J. Exper. Med. 73: 581 
599. 
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of soluble antigen in commercial vac- 
cines may be due to denaturization by 
formalin or loss resulting from centrifu- 
gation in the process of vaccine prepara- 
tion. 


SUMMARY 


Serological studies using the soluble 
antigen of influenza were performed 
at the U. S. Naval Training Ce: ‘er, 
Great Lakes, Illinois, during the winter 
months of 1954-55 and 1955-56. When 
soluble antigen was used in place of 
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infected allantoic fluid in the comple- 
ment fixation test it permitted the de- 
tection of antibody titer rises from an 
influenza infection in immunized per- 
sons. The antibody rises to soluble 
antigen correlated with clinical symp- 
The of soluble 
antigen present in commercial vaccine 
appeared to have little immunogenic 
effect Navy 
recruits. A economical 
procedure is described for the prepara- 


toms. small amount 


when administered to 


simple and 


tion of soluble antigen. 
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kFFECT OF CORTISONE ON IMMUNIZATION AGAINST 
TRYPANOSOMA EQUIPERDUM IN THE RAT 


WILLIAM CANTRELL AND GORDON D. BETTS* 


From the Department of Pharmacology, University of Louisville School 
of Medicine, Louisville, Kentucky 


We have reported previously the 
course of 7rypanosoma equiperdum in- 
fections during concurrent administra- 
tion of cortisone and oxophenarsine.' 
The behavior of this infection in rats 
treated with a single dose of 2 or 4 
micromoles per kg of oxophenarsine led 
to the hypothesis that cortisone exerts 
an adverse effect on treatment by 
inhibiting the development of acquired 
immunity which normally results from 
the antigenic stimulus provided by the 
trypanosomes killed by the oxophenar- 
sine. This hypothesis was supported by 
experience with other antigens in vari- 


ous species.?~"* 
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It seemed desirable to test for this 
anti-immune effect more directly and 
the present report describes experiments 
in which high doses of cortisone acetate 
(up to 200 mg per kg per day) admin- 
istered before, during and after immu- 
nization did not alter the ability of the 
rat to become immunized when the 
immunizing procedure consisted of cur- 
ing heavy infections with oxophenarsine 
and when the test for immunity con- 
sisted of the intravenous injection of 
heavily infected, defibrinated blood. 
However, when the immunizing pro- 
cedure consisted of curing rats at lower 
levels of infection, an anti-immune effect 
of cortisone was found. 


MATERIALS AND METHODS 


The strain of 7. equiperdum was maintained 
in rats by intraperitoneal injection every 2 to 4 
days for about a year before the beginning of the 
present study. The rats used in the Ist and 2nd 
experiments were of the Anheuser-Busch strain 
and were obtained from Dr. sheppard Walker, 
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who has maintained a colony by random mating 
for about 10 years. These rats are a very hardy 
strain characterized by variegated coat patterns 
in which tan, black, and white appear in various 
proportions. The rats used in the 3rd to 7th 
experiments were albinos of the Wistar-Purdue 
strain obtained from a commercial breeder In 
experiments 1, 2 and 3 cortisone acetate (Merck) 
at a concentration of 25 or 50 mg per cc was used. 
For experiments 4 though 7a supply of cortisone 
acetate was kindly supplied by its manufac turer, 
The Upjohn Company, Kalamazoo, Michigan 

The methods used for immunization and for 
detecting the presence of acquired immunity are 
based on a long series of studies beginning with 
those of Ehrlich and Shiga,'? who found that 
mice cured with drugs were resistant to reinfec- 
tion, and including those of Rosenthal,'* who 
found that trypanosomes injected intravenously 
mice disappeared from the 
blood in a matter of minutes but that eventually 
a relapse occurred which killed the host. 


into immunized 


We have found, in the rat treated with oxo- 
phenarsine at high levels of parasitemia, that 
the immunity of treatment was detectable as 
early as 1 day after treatment and was highly 
developed and relatively independent of the 
elapsed time during the 3rd to the 6th day after 
treatment (table 1, experiments A, C and D). 
In the present experiments infected rats were 
immunized by a single intraperitoneal injection 
of oxophenarsine at a dose of 2, 1, 10 or 20uM 
per kg (14M of oxophenarsine is 0,258 mg). 

rhe challenge injections of infected blood were 
made with undiluted, defibrinated blood, which 
was obtained from an etherized, infected rat, 
that was secured on its back on an animal board 
A midline incision was made and the skin se pa- 
rated from the chest wall on one side. The blood 
vessels of the forelimb were cut in the axilla and 
blood was drawn into a 5-ml sy ringe equipped 
with a large bore needle and transferred to a 
small Ehrlenmeyer flask containing a few glass 
beads. The flask was shaken for two minutes 
at room temperature and then placed in ice 
(If the blood is cooled before defibrination, 
clots are 


numerous small 


obtained which are 
the syringe or in 
Che blood for the chal 
lenge injections was drawn from the flask into a 
tuberculin syringe equipped 
needle, The mace 


intravenously at a dose of 0.1 or O 2 ml per 100 


troublesome later in filling 


making the injections 
with a 27-gauge 


challenge injections were 


17. Ehrlich, P. and Shiga, K. 1904, Berliner 
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g of body weight. The latter dose represents a 
dilution in the recipient rat of approximately 
36-fold, so that blood containing 360,000 try- 
panosomes per cmm gave immediate parasite 
counts in the recipient of about 10,000 per cmm, 
In an immune rat (3 to 6 days after immuniza- 
tion) the injected trypanosomes were quickly 
removed or destroyed and ever as early as § 
minutes after challenge it was difficult to find 
one, although the nonimmune controls showed 
5 to 10 organisms in each square mm of the 
hemocytometer. The immunized rats were not 


completely and after a 
period of varying length, but usually about 90 to 


120 hours, they were found to contain numerous 


protec ted, how ever, 


parasites of a different antigenic type from the 
original population, 

Since these relapses are caused by antigenic 
variants (see table 3, experiments IIT through 
VII, for evidence of this), it seems evident that 
the period of protection will be affected by the 
proportion of such variants present in the chal 
lenge injection as well as by the degree of im 
munity, 

It is necessary to consider whether persistence 
of oxophenarsine has any effect on the trypano 
somes injected at the time of challenge. Since all 
the rats challenged in these experiments, except 
one in experiment B (table 1), were « hallenged at 
lea 3 days after treatment with oxophenarsine 
the main question is whether 20 uM per kg of 
oxophenarsine can give active concentrations of 
drug 3 days after administration. In experiments 
1, 3,4, 6and E the nonimmunized controls were 
treated with oxophenarsine, In experiment § 
one of the nonimmunized controls was treated 
with oxophenarsine but 3 of the nonimmunized 
controls were not treated, In experiment 7 there 
were 2 nonimmunized controls, one of which was 
treated with oxophenarsine 

In table 2 we have recorded data from experi 
ments 2, 4, 5, 7 and E which rule out the per 
sistence of active concentrations of oxophenar 
data 


which the interval between immunization and 


sine, These are all from 


experiments in 
challenge was 3 days and the dose of oxophenar 
sine was 20 uM per kg. The data are in the form 
of distribution volumes of the injected trypaneo 
100 ¢@ of rat weight and 


10-fold increase times observed during the 24 


Somes if per body 


hour period following the « hallenge injection 
Since both of these quantities virtually 
unchanged by pretreatment with oxophenarsine, 


were 


we conclude that persistence of the drug need 
not be further considered in the interpretation 
of the protection observed in immunized rats 
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TABLE 
variations in the time of challenging, 


plenarsine. 


Time of 
challenge 
in days 


Antigen dose trypano 
somes in 1000'« 
per cmm 


Exp 
per kg 
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‘ 8543+ 10% 20 
700+ 11% 

720 + 10°, 
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7° 20 


The time of challenge refers to the interval between immunization and challenge 
The antigen dose refers to the intensity of infection at the time of immunization 


The meaning of the period of protection is explained in the text and 


The standard errors of all trypanosome counts are given in percentages 


* Experiments C and D were done at the » 
of D with a strain resistant to oxophenarsine 
veriods of protection are somewhat different in ¢ 
as a different incidence in the two populations 
We have separated the 
ments H and | are related to each other as ( 
to have 234,000 + 9% 


t These 2 


* rats received a challenge dose one-fourth as 
‘ese two instances is calculated rather than observed, 


‘me time but the « hallenges were made 
The rats were all immunizec 


cause several different points 
rain waa used in I 


per cmm 


It will be noted that 2 of these rats also 
parts of this experiment for the sake of clarity be 
and D are; the resistant st 
1 These 3 infections were inadvertently not counted They were from a group of 9 rats, 6 oF 
to 411,000 + 7% trypanosomes per cmm at tise time of immunization 

large as the rats paired with them. The 
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Experiments showing the stability of the period of protection in the face of moderate 


the antigen dose and the immunizing dose of oxo- 
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the nonimmunized controls immedi- 


graphically illustrated in figure 1 


from different passage lines, in the case 
1 aguinst the nonresistant strain. The fact that the 
and D merely indicates that the minor component ¢ 


ausing the relapses 


appear in experiments IH and [. 
are involved. Experi 


f which were counted and found 


challenge intensity in 
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12+ 90, 4.0 105 
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TABLE 2.—-Data indicating the failure of oxo- 
phenarsine given at a dose of 20 uM per kg to 
persist at active concentration for 3 days. 


Time required for a 10-fold 
increase in number of try 
panosomes in hours 


Distribution volume* 
in ml per 100g 


Normal Drug Normal Drug 


controls controls controls controls 

6.49 4.54 19.6 19.7 
5.97 7.87 20.0 16.3 
6.82 6.59 13.9 4.9 
7.54 14.9 16.4 
6.05 17.6 4.2 
5.04 5.98 15.6 17.9 

16.6 


Mean 6.32 6 64 16 


* See table 5 for definition, 


shorter than 3 days elapsed between immuniza- 
tion and challenge we made 2 control injections, 
one in a rat pretreated with 2 4M per kg and 
one in an untreated normal rat. These two in- 
fections were, for practical purposes, identical. 
In this connection the observations of Peters 
and Wright'® are significant. They found that 
oxophenarsine is rapidly converted to an inactive 
form in the rat so that one day after administra- 
tion less than 0.5% of the maximum activity 
remains, 

A considerably more difficult problem arises 
from the possibility that the relapses seen follow- 
ing challenge injections may derive from the 
initial immunizing infection rather than from the 
challenge. This is especially troublesome if the 
period of protection or the interval between 
immunization and challenge are prolonged 
beyond about 3 days each, because in such in- 
stances an extremely small residuum of infection 
from the immunizing phase of the experiment 
would be sufficient to cause the delayed relapses. 
Such a small residuum could be quite difficult 
to detect even by the method of subinoculating 
normal mice. Because of the quantitative values 
of the size of inoculum and the generation time 
it is unlikely that a negative subinoculation into 
mice can be taken as proof of cure when the 
sum of the interval between immunization and 
challenge plus the period of protection exceeds 
6 days. In short a positive subinoculation can 
prove the failure of cure but a negative sub- 
inoculation cannot prove the success of cure. 
Therefore in experiment G we do not accept 
negative subinoculations into mice as proof of 
cure in the 4 rats treated with 4 4M of oxophenar- 
sine per kg. The interval between immunization 
and challenge plus the period of protection was 
7 days in this instance, and it is quite conceivable 
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that the relapses could have originated from the 
immunizing infection, Evidence for this pos- 
sibility is found in our experience with a group 
of 10 rats treated with 4 aM per kg intraperi 

toneally. Three were dead of the infection on the 
8th day, 6 on the 12th day, 7 on the 17th day, 
8 on the 21st day and 9 on the 23rd day. There- 
fore the periods of protection in the second part 
of experiment G must be regarded as minimum 
values. As it happens, the periods of protection 
in the 2 groups are rather similar (96 hours and 
104 hours); therefore the only possibility that 
the experiment fails to test, on account of the 
chance that the relapses did not come from the 
challenge, is whether the low dose of oxophenar- 
sine produces longer periods of protection against 
a challenge. Experiment A is of interest in this 
connection because in experiment A the group 
receiving 2 ~™M per kg of oxophenarsine were 
given 20 uM per kg the next day. Thus the 
antigen was produced with a low dose of drug 
but the probability of relapses from the im 

munizing phase of the experiment was greatly 
reduced by following the low dose of oxophenar- 
sine with a high one. For the sake of symmetry 

the group treated first with 20 uM per kg was 
treated the next day with 2 wM per kg. The 2 
groups had similar periods of protection making 
it seem unlikely that a low dose of drug is superior 
to a high one in producing immunity. 

A dose of 10 uM per kg given intraperitoneally 
is not invariably curative, and it is conceivable 
that one or more of the relapses seen in experi- 
ment 1 represent failure to cure the immunizing 
infection. We did not test for cures by challenging 
mice in this experiment. We have seen 5 of 7 rats 
treated with 10 wM per kg injected intraperi- 
toneally survive for 1 month after treatment and 
3 of 7 survive for 2 months, but the strain in- 
volved was not identical with the one used in 
the present experiments. There are, however, 
reasons for believing that it was at least as re- 
sistant as the present strain and probably con 
siderably more resistant, because it was derived 
from a highly resistant strain which spontane- 
ously reverted to sensitivity but was found to 
have a small still having 5-fold 
resistance compared with the unmodified parent 
strain. The survival of immunized rats in experi 
ment I for 49 and 50 days after treatment with 
10 uM per kg and in experiment 3 for 10 and 19 
days after treatment with 20 uM per kg is evi- 
dence of the protective power of these doses but 
we have seen a rat infected with the unmodified 
stock 


component 


strain and treated by intraperitoneal 
injection of 10 ~M per kg die of a relapse on the 


24th day after treatment. We therefore increased 
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the immunizing dose of oxophenarsine to 20 uM 
per kg when we found that persistence of drug 
was not a serious problem. A dose of 20 uM per 
kg given intraperitoneally probably has a high 
rate of cure. Tatum and Cooper™ found that a 
dose of 1 mg per kg (about 4 uM per kg) given 
intravenously had a cure rate of 83% and 14 mg 
per kg cured all of 11 rats. We have checked the 
immunized rats in experiments 2, 3 and F by 
transferring blood from them into mice but none 
of 27 mice became infected judged by their 
survival for at least a month. Two of the mice 
used in experiment F died the day following 
injection but this cannot be attributed to infec- 
tion 


with routinely 


examined blood from immunized rats just before 


trypanosomes. We have 
challenging them. With doses of oxophenarsine 
of 10 wM per kg and higher we have never found 
Such ex- 


aminations will not regularly detect parasitemia 


trypanosomes in these examinations. 
lower than about 300 per cmm, however. Since 
the challenge immediate 
parasite densities of about 10,000 per cmm, a 


injection produces 
complete failure of immunity or the presence of 
immunity is easily detected even in rats not 
completely cured by oxophenarsine. On the 
other hand, the measurement of the period of 
protection (except as a minimum value) assumes 
complete cure of the immunizing infection. 

The relationship between the period of protec- 
tion and the intensity of parasitemia at the time 
of immunization (antigen dose) is complex due 
to the presence of more than one antigenic type 
of trypanosome in the population living in the 
rats at any time, As a result, the curve relating 
protection to antigen dose is characterized by a 
series of plateaus and steep transition zones 
connecting the plateaus. The transition zone- 
correspond to threshold antigen doses at which 
the various antigenic types become plentiful 
enough to act as effective immunizing stimuli. 
Whether varying the dose affects 
protection, therefore, depends on the location 


antigenic 


of the various doses of antigen on the curve, i.e., 
whether they include a transition zone, 

The period of protection was not affected by 
moderate (fourfold) variation in the size of the 
challenge injections under the conditions that we 
have used for most of the experiments (table 1, 
experiments H and I), This means that the 
same fraction of the population survives, in- 
dependently of the size of the challenge. so that 
when the course of the infection is compared 
with the appropriate control infection the period 
of protection is found to be the same, This 


20, Tatum, A. L. and Cooper, G. A. 1932, J. 
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interpretation of the data leads to the conclusion 
that if the challenge dose were reduced to the 
point at which the minor component responsible 
for the relapses disappeared, complete protection 
would result. We have not tested this idea by 
experiment but have found that the size of the 
challenge dose can have an effect on the period 
of protection under experimental conditions 
different from, those of the main body of experi- 
ments in the present results are 
found in table 3, experiments I and II. In these 


experiments two different situations occurred in 


report. The 


which there was no protection against the usual 
marked 
This was due 
in one case to the use of rats that had been im- 


large challenge dose but protection 


against smaller challenge doses 


munized for 49 days when they were challenged 
and in the other to the use of a heterologous 
strair: for the challenge. For our present purpose 
the main point is that in highly immunized rats 
strain the 
period of protection seems to be independent of 


challenged with the homologous 
moderate variations in the size of the challenge 
dose, Of course, appropriate nonimmunized con- 
trols must be made for each level of challenge 
dose used. 

The antigen dose may also be varied over a 
fourfold range without affecting the period of 
protection (table 1, experiments E and F). On 
the other hand, when a wider range of antigen 
doses was used so that one or more transition 
marked difference in 
protection was observed at certain levels of 


zones were included, a 


antigen dosg (table 4, experiments 4 and 5). 

rhe period of protection was not affected by 
varying the dose of oxophenarsine used to cure 
the initial, immunizing infection (table 1, ex 
periment G). 

In the present experiments with cortisone we 
have always used the technique of pairing 
cortisone-treated rats with controls infected and 
challenged at the same time and with the same 


They 


munized with the same number of trypanosomes 


number of trypanosomes were also im- 
as nearly as the normal variation in the intensity 
of infection in a group of similarly infected rats 
permits, A good idea of the variation within an 
experiment in the intensity of infection at the 
time of immunization can be obtained by inspec- 
tion of the data in table 1, where counts for most 
of the 


recorded, In all except experiment B, the initial 


rats at the time of immunization are 
infections were made by intravenous administra- 
tion of infected blood; in experiment B the 
infections were made by the intraperitoneal 
route, and as a result, the infections were more 


variable. In experiments 1, 2 and 3 the duration 
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challenge dose under certain conditions and 


TABLE 


immunised rats are caused by strains antig 


Time of 
challenge 
in day 


Nntigen dose 
trypanosomes in 


1000's per 


6254 
139 
9s 


S% 


sO 


+ 
4150 + 
2543+ 


4.5 


Vil 

Che dose of oxophenarsine was 20 «6M per kg in experime 

* The strain used in experiment Il was not a newly 
\bout a year before experiment I. ar oxophenarsine re 
drug, a method which favors antigenic variation. This 
verted to sensitivity. For about a month during this period 
have reason to believe that this also favors antigenic variati 
experiment Il were by coincidence 
taken them to be identical 

t In experiments II] through VI the relapse strains were 
lenged. In experiment VII the relapse strain was derived fre 
the first relapse strain and challenged with the first relape« 


of the immunizing infection was two days. These 
the 
a donor Wits chosen 
in intensits the 
10-fold dilution of de- 


librinated blood was made with cold physiological 


2-day infections were obtained by use of 


the following working rule: 


with an infection similar to 


desired infection and a 


saline containing Vhis 
the 
rate of 0.17 ml per 100 g. The injection was made. 


my f glucose per mil 


diluted blood was injected intravenously at 
with the recipient under anesthesia, into a vein 
exposed by making a small cut with a pair of 
Ihe 


duration of the immunizing infection in experi 


scissors on the inner aspect of the thigh 


ment 4 was 1 day, and in experiments 5, 6 and 
7 the immunizing infection was treated within 
1 hour of its establishment 

The growth curves obtained in these experi 
ments were frequently so nearly parallel that it 
made little difference at what level of parasitemia 
Since 
this is not always the case, however, the vaiues 


the period of protection was measured 


obtained at any particular level are to a degree 
arbitrary and only approximately representative 
of the whole growth curves. Furthermore, the 
ol 


so that 


death known 


the 


exact time is not in most in 


stances, word ‘protection’ used 


in these experiments to denote a delay in the 


occurrence of a certain high intensity of para- 
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isolated relapse strain. It ha 

tant 
strain remained highly re 


rather closely related and if the highest 
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Two experiments showing that the period of protection is influenced by the sise of the 


5 experiments showing that the relapses seen in 


enially distinct from the or iginal population 


Period of protection when 
Challenge challenged with 
log.) trypanosomes 


per comm 


Inteneity 


Homologous 
trai 


Relapse 
strain 


0 hours 


87 
9s 


98 hours 
» 


10 uM per kg in the rest 

the following rather complicated history: 
was obtained in mice by repeated subcurative doses of 
istant tor at least 8 months but later re 
kept in the frozen state in a CO, icebox We 
on, The above results would indicate that the 2 strains used in 
challenge dose had been omitted we should have 


train 


both strains were 


recently isolated from rats that had been immunized and chal 


mm another relapse 
train 


train in a rat that had been immunized to 


sitemia, that is usually followed by death in the 
next 24 hours. Occasionally, however, death was 
delayed for one to several days during which the 
count 


parasite gradually increased or became 


stabilized at a very high level until death. Two 
such instances are illustrated in figure | 


the 


one it 


a cortisone-treated rat and other in an 
immune rat without cortisone 

In one of these instances (figure 2) from the 
ird experiment the periods of protection meas- 
ured at a level of parasitemia of 10°2 were 94 
hours for the cortisone rat and 68 hours for the 
immune control without cortisone, The growth 
curves are parallel up to 10°7* trypanosomes per 
emm of blood, but beyond this point the curve 


of the immune without cortisone became 


prac- 
tically level and crossed the curve of the corti 
at 10°" at point 


the periods of protection would be equal. Finally 


sone-treated which 


immune 
the cortisone-treated rat died 31 hours before the 
immunized rat without cortisone 

On the other hand, an example (figure 1G) 
from the 2nd experiment gave periods of protec 
of 110 the cortisone-treated, 
immunized rat, and 105 hours for the immune 


the 


tion hours for 


control when Measurement made at 
10°? trypanosomes per cmm, 119 hours and 105 


hours at 10°4: 126 hours and 105 hours at 10. 


was 
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These rats died 264 hours apart, so that the 
difference in the periods of protection varied 
from 5 to 264 hours but was always in the same 
direction, the cortisone-treated rat being better 
immunized. The cortisone-treated immune died 
level of 10™ trypanosomes per cmm, 
whereas the immune rat without cortisone died 
at 106%. 

Only one frank immune crisis has been ob- 
served following a challenge in these experiments. 


at a 


This occurred in one of the cortisone-treated rats 
in experiment 1 and is illustrated in figure 1B. 
The crisis occurred at a relatively low level of 
parasitemia and would not affect the period of 
protection determined in the usual way at levels 
of 10° to 10*4 trypanosomes per cmm of blood. 
these aberrations the 
behavior of a challenge infection in an immunized 


Despite occasional 
animal is well summarized, as a rule, by a single 
fure representing the period of protection. 
Such a simple and convenient representation of 
the data is useful in making comparisons and 
in the tabular presentation of the data, 

With mind we have 
measured the periods of protection by drawing 


these rcservations in 


a horizontal line between the growth curves of 
nonimmune controls and the immunized rats at 
levels of infection between 10°" and 10° tryp- 


anosomes per cmm depending on the data 


available in each instance. 


RESULTS 

Seven separate experiments were 
made, involving in all 27 immunized 
rats which were treated with cortisone, 
36 immunized rats treated with 
cortisone, and 22 nonimmune controls. 
In experiment 1 there were 4 immunized 
rats treated with cortisone at doses of 
2, 5, 10, or 25 mg per kg per day be- 
ginning 6 days before infection and 
continuing for 7 days after immuniza- 
tion, a total of 15 days. The immunizing 
infections were terminated by an intra- 


not 


peritoneal injection of oxophenarsine at 
a dose of 10 4M (2.58 mg per kg), when 
they reached 400,000 to 500,000 per 
emm. There were 4 immunized rats 
which received no cortisone and 3 
nonimmunized rats which were controls. 
These rats were males, weighing 419 
to 573 g when challenged, except one, 
which weighed 338 g. All the rats were 
challenged by the intravenous injection 
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of 0.2 ml per 100 g of infected, defi- 
brinated blood 
somes of the same strain as those used 
for Three of the 
were challenged on the 4th day 
immunization and 


containing  trypano- 


immunization rats 
after 
were chal- 
lenged on the 5th day after immuniza- 


the rest 


tion. The challenge injection produced 


an immediate parasite density of 10* 
trypanosomes the non- 
immune controls used on the 4th day 
and 104 and 10°? in the nonimmune 
controls used on the Sth day 
immunization. 

The periods of protection found in 
the immunized rats are found in table 
4 and the data for those infections are 
presented graphically in figure 1A 
through 1D. One of the cortisone-treated 
rats was completely 
unusual finding when large challenges 
like these are used, and 6 of the 8 
immunized rats had periods of protec- 


per cmm in 


after 


protected, an 


tion considerably longer than we have 
usually observed. The periods of pro- 
tection were rather variable in this 
experiment, but at least there can be 
little doubt that 
highly immune despite the administra- 


these rats become 
tion of cortisone up to a dose of 25 mg 
per kg per day. 

A second experiment was made in 
which the dose of cortisone was raised 
to 50 mg per kg per day in 2 rats and 
100 mg per kg per day in 2 other rats. 
There were 3 immunized rats 
treated with cortisone and 2 nonimmune 


controls. The rats were females weigh- 
ing 223 to 271 g when challenged (230 
to 290 g at the beginning of cortisone 
administration). The cortisone was giv- 
en for 10 days, beginning 3 days before 
immunization. The daily dose 
divided into two equal parts injected 
subcutaneously at about 9:00 a.m. and 
4:30 p.m. The immunizing infections 
lasted for 2 days and were terminated 
when they reached intensities of 304,000 
to $07,000 trypanosomes per cmm of 


was 


be 

Bs, 

{ 


blood by intraperitoneal injection of 
oxophenarsine at a dose of 20 uM per 
kg. Three days after treatment all of 
the rats were challenged by the intra- 
venous injection of 0.2 ml per 100 g of 
infected, defibrinated blood. 

The challenge injections produced 
immediate parasite densities of 10** 
and 10‘ trypanosomes per cmm of 


blood in the nonimmune controls. The 
periods of protection found in the 
immunized rats are recorded in table 4 
and the results are shown graphically 
in figure 1F through 1H. It is clear that 


TABLE 4.--Seven experiments on the effect of cortisone on acquired immunity to Tl. equiperdum in rats, 


Cortisone Time of Challenge intensity 
dose challenge loge trypanosomes 
ma day in days per 


25 4.06 
5 $.70,4.09 


2 100 4.51,4.56 


13,4,.14.4.20 


4.10 


904.14 


71,3.72,3.98 


100 
100 


The dose of oxophenarsine was 10 uM per kg in experiment 1 and 20 ug per kg in experiments 2 to 7 
given intraperitoneally in all the experiments described in this paper 


Antigen dose, trypanosomes 
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cortisone in this experiment had no 
adverse effect on immunization, the 
mean period of protection being 121 
hours for the cortisone-treated rats and 
109 hours for the controls. 

During 10 days of cortisone admin- 
istration the 4 treated rats lost 33 to 
48 g, while the immunized and chal- 
lenged rats not receiving cortisone re- 
mained within 2 g of their initial 
weights. 

A 3rd experiment was mace in which 
the dose of cortisone was 25 mg per kg 
every 2nd day, beginning 2 weeks before 


Period of 


tion 
in 1000's per cmm in 


No No 


Cortisone 
cortisone cortisone 


Cortisone 


> WS $05 
496% 6% 429+ 6°, 480 264 


BY 432% 6% 146 105 


6°, 423+ 7% 10 116 


6% 475% 7% is 105 


2. 
2. 
2 
2. 
5. 
5 
9.047 0 
0.047 0 


2 
= 


Mean 18.4 49.7 


Oxophenarsine was 


5 19% 296 
2 7 144 5A 
iv 
100 
50 
444% 7% 116 
Mean 121 109 7 
25-100 10 293+ 8% 53 49 
25-100 176+ 11% 287+ 8% 52 4s 
25-100 47 
Mean 
25-100 19 — 100+ 9% 68 67 eS 
25-100 
4 182 + 1.2% 115 
252 + 10% 127 
i 200 1 72 62 
200 75 63 
200 9 83 64 
4 88 
58 
59 
2 
52 
| “47 5 64 
4 0 
was 0 
0 
6 100 385,396 9 
100 25 5A 
7 so 
100 2 65 
Mean 23.2 62.5 
7 100 3 3.46,4,26 0.1 4 
100 9 | 
100 5 10 | 
100 7 70 5 
100 74 4 
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LOG TRYPANOSOMES PER CU. MM 
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HOURS AFTER CHALLENGE 


Fic, 1, 


Fig. A-D: experiment 1; fig. E-H: experiment 2; fig. I-L: experiment 3, 


Each figure represents 3 parasitemia curves: one in a nonimmune control; one in an immunized rat 
treated with cortisone and one in an immunized rat not treated with cortisone. The key to the symbols 
is found in figure L and the determination of the period of protection is illustrated in figure F. 

The cortisone-treated immune rat in figure C died, probably from a bacterial infection which origi- 
nated in an abscess which broke down during prolonged administration of cortisone. This abscess was 
first noticed at the time of the first administration of cortisone, in the abdominal wall. At this time it 
was a discrete lump about | em in diameter but during the experiment it broke through the skin and 
drained to the outside but failed to heal. The rat became extremely emaciated and died without ever 
showing trypanosomes after the challenge. The cortisone-treated rat in figure D was completely pro- 
tected against the challenge injection. Figures of this type were made for every experiment described 
in this paper. To save space only these examples are presented. 


the immunizing infection, 50 mg per kg 
on the day of infection, 100 mg per ky 
on the day of immunization and on the 
Ist, 2nd, 3rd, 4th and 6th days after 
immunization. This dosage schedule is 
similar to the one used in the experiment 
described which the 
adverse effect of cortisone on chemo. 
therapy was first seen, but differs in the 
time of starting cortisone administra- 
tion (2 weeks instead of 5 days before 
the immunizing infection). There were 


previously’ in 


5 immunized rats treated with cortisone, 
5 immunized rats not given cortisone, 
and § controls. These 
rats were males weighing from 220 to 
316 g on the day they were immunized. 
The mean weight of the cortisone group 
was 245 g at the beginning of cortisone 
administration, 252 g on the 8th day, 
245 on the 12th day, 232 on the 17th 
day and 214 on the 20th day of cortisone 
administration. The immunizing infec- 
tions lasted 2 days and were terminated 


nonimmunized 
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by the injection of 
oxophenarsine at a dose of 20 uM per 
kg, when the infections reached inten- 
sities of 176,000 to 293,000 trypano- 


somes per cmm of blood, 


intraperitoneal 


Nine of these 15 rats were challenged 
10 days after immunization and 6 were 
«. Nenged 19 days after immunization. 
The challenge injections produced im- 
mediate 
10° and 10*”° trypanosomes per cmm 
of blood at 10 days and 10*- and 10*'° 
at 19 days. The periods of protection 


parasite densities of 


found in the immune rats are recorded 
in table 4 and 
graphically 


the results are shown 
1L. 


The protection found in the cortisone- 


in figure 11 through 


treated immunes is remarkably similar 
to that found in the immunes without 
The 


Materials and 


aberrant rat is 
Methods. 
It seemed possible that immunity of 


cortisone. one 


discussed in 
rats immunized at lower intensities of 
infection might be affected by cortisone 
administration. The results of Berglund 
and Fagraeus*” on cortisone and sheep 
hen.olysin production in rats, and of 
Hayes and Dougherty” on immuniza- 
tion to horse serum, point to this pos- 
sibility, since they found that the effect 
of cortisone can be overcome by high 
antigen doses. The antigen doses used 
in experiments 1 to 3 were very high, 
because 100,000 trypanosomes per cmm 
represents about 710° trypanosomes 
per 100 g of rat body weight. 

In experiment 4 two different intensi- 
the 
immunization. Some of the rats were 


ties of infection were used in 
immunized at 2140 parasites per cmm 
and others at 214,000 per cmm. The 
influence of cortisone was studied only 
at the lower level. The rats were males 


the Wistar-Purdue strain weighing 


Berglund, K. 1956, Acta path. et microbiol 
Scandinayv. 38: 329-338. 

Haves, S. P. and Dougherty, T. F. 
Fed. Proc. 11: 67. 


1952, 
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319 to 474 g at the beginning of the 
experiment. Four rats were treated 
with cortisone at a dose of 200 mg per 
kg per day beginning 1 day before 
immunization and continuing through 
the 4th day after immunization. The 
mean the rats receiving 
cortisone declined from 378 to 286 g in 
7 days, while the mean weight of the 


weight of 


immunized rats not receiving cortisone 
declined from 366 to 344 g. The im- 
munizing infections lasted for 1 day 
and the parasite count of the lower 
group was derived from counts made 
on the higher group and the fact that 
a 100-fold dilution of the blood with 
which the higher group was infected 
was used to infect the lower group. The 
rats were immunized by treatment with 
20 uM per kg of oxophenarsine injected 
intraperitoneally, On the 3rd day after 
immunization 2 of the cortisone-treated 
immunized rats were challenged along 
with 2 immunized rats not given corti- 
sone, 2 rats immunized at the higher 
level of antigen, and 2 nonimmunized 
but oxophenarsine-treated controls, On 
the 9th after 


cortisone-treated 


immunization 1 
rat, 


given cortisone, 


day 
immunized 
immunized rats not 
and 2 drug controls were challenged. 
The challenge injections gave immediate 
parasite densities of 10%" and 10*"* for 
the 3-day group and 10* and 10° for 
the 9-day group. The results are found 


in table 4. 


with immunization in this experiment. 


Cortisone did not interfere 

In experiment 5 ten rats were im- 
munized using 4 different levels of 
antigen dose: 57,000, 520, 47, and 4.3 
trypanosomes per comm. Two rats with- 
out cortisone were immunized at each 
level. Two rats were treated with corti- 
sone at a dose of 100 mg per kg per day 
beginning 3 days before immunization 
and continuing through the 3rd day 
after immunization and were immunized 


at an antigen dose of 47 parasites per 


4 
21. 
2? 
1 
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cmm. The rats were males of the 
Wistar-Purdue strain weighing 320 to 
428 g on the 3rd day before immuniza- 
tion. The weights of the cortisone- 
treated rats declined from 369 and 378 
g to 306 and 310 g in 6 days, while the 
mean weights of the rats not receiving 
cortisone declined from 365 to 359 g. 
The desired antigen dose levels were 
produced by intravenous injection of a 
series of 11-fold dilution of parasitized 
blood in normal defibrinated rat blood 
and the immunization was accomplished 
by intraperitoneal injection of 20 uM 
of oxophenarsine per kg within an hour 
of the establishment of the infection. 
On the 3rd day after the immunization 
they were challenged, along with 4 
nonimmune controls. The challenge 
infections produced immediate parasite 
densities of 10%, 10°77, 107-7? and 
10°** per cmm. The results are found 
in table 4. 

The antigen dose of 47 trypanosomes 
per cmm appears to be in a transition 
zone, since one of the immunized con- 
trols was not protected at all, while the 
other was as well protected as the rats 
immunized at the higher levels of the 
antigen dose. The two rats given 
cortisone and immunized with 47 try- 
panosomes per cmm were not protected. 

In experiment 6 ten rats were im- 
munized at antigen doses of about 100 
trypanosomes per cmm. This parasite 
density was obtained by the intravenous 
injection of blood containing 6000 try- 
panosomes at a dose of 0.1 ml per 100 g. 
The rats were males of the Wistar- 
Purdue strain weighing 179 to 284 g. 
Four of these rats were treated with 
cortisone at a dose of 100 mg per kg 
per day for 4 days before immunization 
and 3 days after immunization, except 
the 2nd day before immunization, 
which was missed. The 10 immunized 
rats slong with 2 nonimmunized, oxo- 
phenarsine-treated controls were chal- 


lenged 3 days after immunization. 
The challenge injections produced im- 
mediate parasite densities of 10° and 
10° trypanosomes per cmm. The 
results are found in table 4. Three of the 
4 cortisone-treated rats are clearly dif- 
ferent from the immunized controls 
in period of protection. The 4th corti- 
sone-treated rat is indistinguishable 
from the immune controls which did 
not receive cortisone. The mean periods 
of protection were 62.5 hours for the 
immune controls and 23.2 hours for the 
immunes receiving cortisone. 

In experiment 7 the rats were females 
of the Wistar-Purdue strain weighing 
199 to 265 g. Eleven rats were im- 
munized at an antigen dose of 100 
trypanosomes per cmm. Five of these 
rats were treated with cortisone at a 
dose of 100 mg per kg for 3 days before 
and 3 days after immunization. The 
mean weight of the cortisone-treated 
rats declined from 209 to 189 ¢ in 6 
days. The 11 immunized rats along 
with one oxophenarsine-treated con .rol 
and 2 normal controls were challenged 
3 days after immunization. The chal- 
lenge injections produced immediate 
parasite densities of 10’, 10°, and 
10° trypanosomes per cmm. The re- 
sults are found in table 4. In this ex- 
periment some of the cortisone-treated 
rats were protected and some of the 
rats not receiving cortisone were not 
protected, but on the average the 
results support the idea that cortisone 
weakens the immunity of rats immu- 
nized at low intensities of infection (low 
antigen doses). The mean periods of 
protection were 49.7 hours for the 
immune controls and 18.4 hours for the 
immunes receiving cortisone. 


DISCUSSION 


Since experiments 5, 6 and 7 all 
point in the same direction, we conclude 
that an anti-immune effect of cortisone 


P 
‘ral 
| i 
4 i 
] 


can be elicited in this immunologica! 
system, provided that the antigen dose 
is near its threshold but that this effect 
of cortisone is easily overcome by 
raising the dose of antigen. Further- 
more, it seems clear that under certain 
conditions an effect of cortisone could 
be elicited in heavy infections, provided 
one of the antigenic types happened to 
be near its threshold value at the time 
of immunization. If this were the correct 
explanation of the results reported in 
our earlier paper, one would not expect 
the adverse effect of cortisone on treat- 
ment to be manifest in every attempt 
to elicit it, since the effect depends on 
the chance occurrence of one of the 
antigens at its threshold. 

The failure of cortisone to exert an 
anti-immune the present 
system except in a rather narrow range 
of antigen doses was unexpected because 
of the apparent ease with which such an 
effect was elicited with a wide variety 
of other antigens by many different 
workers. These include polyvalent pneu- 
mococcus vaccine in rabbits? (cortisone 
dose: about 1.25 mg to 5 mg per kg per 
day beginning 2 days before immuniza- 
tion), bovine serum albumin in rabbits* 
(cortisone dose: about 3.5 mg per kg 
per day beginning 6 days before im- 
munization), egg albumin in rabbits‘ 
(cortisone dose: about 2 mg per kg per 
day beginning on the 1st day of im- 
munization), Salmonella typhi antigen H 
in rabbits’ (cortisone dose: about 2.5 
mg per kg per day beginning 2 to 3 
days before immunization), sheep eryth- 
rocytes in (cortisone dose: 40 
mg per kg per day beginning 2 days 
before immunization), certain tumors 
in mice which induce isohemagglutinin 
production in 


action in 


rats® 


(cortisone dose: 
about 2 mg per kg per day beginning 
7 days before immunization), egg al- 
bumin (with Freund adjuvant) in 
guinea pigs’ (cortisone dose: about 50 


mice? 
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‘mg per kg per day beginning 3 days 
before immunization® or 10 mg per kg 
per day for 18 days and 20 mg per kg 
per day beginning on the Ist day of 
immunization’), human serum glob- 
ulin in rabbits" (hydrocortisone dose: 
about 1.25 or 5 mg. per kg per day 
beginning 1 day before immunization), 
various antigens in rabbits" (adrenal 
cortical extract, Upjohn), Plasmodium 
cynomolg: in the Rhesus monkey" 
(cortisone dose: 10 mg per kg per day 
given during the primary ascending 
phase of the infection), typhoid-para- 
typhoid vaccine in rabbits'* (cortisone 
dose: about 10 mg per kg per day 
beginning 8 days before a second injec 
tion of antigen given 3 weeks after 
primary immunization), bovine seruni 
albumin in rabbits'® (cortisone dose: 
about 1.6 mg per kg per day beginning 
3 days before immunization), and 
mumps vaccine in rabbits'® (cortisone 
dose: 2 mg per kg per day beginning 3 
days before immunization). 

There are numerous other recorded 
anti-immune effects of 


enhancing experimental 


cortisone in 
infections in 
which it is difficult to separate natural 
from acquired immunity, although it 
seems likely that there is a component 
of the latter involved. 

Three considerations that may be 
significant here are: first, the enormous 
antigen doses that can be obtained in 
rats by the method we have used. A rat 
with a count of 10° trypanosomes per 
cmm of blood has 7 X 10° trypanosomes 
per 100 g body weight. The lowest 
antigen dose that we have found to 
overcome the effect of a near maximal 
dose of cortisone (200 mg per kg per 
day) is around 2000 trypanosomes per 
cemm or 1.4107 per 100 g¢ body weight, 
which is still a rather large dose. 

Second, the method that we have used 
for testing immunity evidently does not 


provide a continuous graded response 
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to different levels of antibody. We infer 
this from the stability of the period of 
protection in the face of moderate 
variations in the antigen dose, and the 
interval between immunization and 
challenge which are assumed to be 
correlated with variations in antibody 
level. Evidently there is a rather sharp 
threshold of antibody concentration 
needed to kill any particular antigenic 
component of the population and the 
concentration of antibody required to 
destroy all of a particular component 
is not much different from the concen- 
tration required to kill a few of this 
component. 

The third point depends on a hy- 
pothesis of Overman and Hanan,"* who 
have proposed that the adverse effects 
of cortisone on immunization are in- 
versely related to the antigen particle 
size. Hanan and Oyama™ have de- 
scribed an experiment supporting this 
idea. This is interesting in relation to 
the relatively large size of the trypano- 
somes and the observations of Pfeiffer 
and Tatum,” which indicate that in a 
rat treated with oxophenarsine many 
if not all of the trypanosomes are 
captured as intact cells in the liver and 
spleen and would thus be large antigen 
particles on the scale discussed by 
Hanan and Overman. 

The clearest analogy to the present 
results to come to our attention is seen 
in the recently published work by 
Berglund®™ on sheep hemolysin produc- 
tion in rats. She found that cortisone 
at a dose of 40 mg per kg per day for 2 
days before and 2 days after immuniza- 
tion caused significant reduction in 
antibody level when a smal! dose of 
antigen was used, but when the antigen 
dose was increased 300-fold the period 


23. Hanan, R. and Oyama, J. 1954, Proc, Soc. 
Exper. Biol, & Med. 85; 373. 

24. Pfeiffer, C. C. and Tatum, A. L. 1935, J. 
Pharmacol. & Exper. Therap. 53: 358-376, 


of pretreatment had to be increased to 
8 days. At a still larger antigen dose 
(about 1000-fold) the cortisone dose had 
to be increased to 80 mg per kg per day 
for 2 days before and 2 days after 
immunization. 


The data at hand make it possible to 


calculate the prevalence of the minor 
antigenic components which re- 
sponsible for relapses in immunized 
animals following a challenge injection. 
The only measurements needed for this 
calculation are the period of protection 
and the generation time of the strain 
producing the relapse. We can calculate 
p, the proportion of the minor type by: 


in which m is the period of protection 
expressed in generation times. When 
such a calculation is made for experi- 
ment E we find that p equals 

1 

4 

1 

10,310,000’ 


indicating that the relapse was caused 
by minor components whose total 
incidence was one in 10,310,000 at the 
time of challenging. A similar calcula- 
tion for experiment 4 indicates one 
component with an incidence of 1 in 
19,450 and another with an incidence 
of 1 in 203,050,000. We have used the 
generation time from experiment E in 
both these calculations because 12 
different infected rats were available for 
the measurement of the generation 
time in this experiment. Unfortunately 
this calculation of the prevalence of 
minor types is extremely sensitive to 
variation in the generation time and is 
therefore only a rough estimate. For 
example, in experiment E, if our value 
for the generation time had been 4.736 


p=- 
‘ 
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hours instead of 4.385 hours the calcu- 
lated 
would 


prevalence of the minor type 
be 1 3,470,000. The value 
4.736 is just 1 standard error different 


from the mean value for the generation 
time found in experiment E. If this type 
of calculation is rigorously applied to 
the results of experiment 1 where the 
periods of protection were unusually 
long we must conclude that the chal- 
lenge injection contained none of the 
antigenic type responsible for the re- 
lapses. Two possible explanations of this 
paradox come to mind. It does not seem 
too unlikely that the relapses in this 
experiment may have arisen from anti- 
genic variants produced by mutation 
during the experiment. Another pos- 
sibility that seems less likely to us is 
that small numbers of parasites may 
lie dormant in some protected site until 
the antibody level wanes sufficiently to 
allow We have 
already mentioned the possibility that 


them to grow out, 


the relapses seen in this experiment may 
have originated from the immunizing 
infection. This possibility does not 
the for 
mutations during the experiment be- 


materially change argument 
cause the same line of reasoning indi- 
cates that 4 of the relapses were caused 
by strains not represented in the rat 
at the time of challenging. 

Another type of calculation that has 
interested us is the volume of distribu- 
tion of the trypanosome suspensions 
that we have injected intravenously in 
these experiments. A priori it 
unlikely that the distribution volume of 


ecems 


trypanosome suspensions should meas- 


ure accurately any real compartment 
of the circulatory system since there is 
little reason to expect living trypano- 
somes to distribute themselves homo- 
geneously among the red cells or within 
the plasma. By homogeneously distrib- 
uted among the red cells is meant that 


the red cells occupying various parts of 
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the circulatory system would be asso- 
ciated with the same number of try- 
panosomes per red cell neglecting purely 
random variation in distribution. 

It is interesting, however, to compare 
the volume of distribution of a 
with the best 
estimates available for the blood volume 


try- 
panosome suspension 
of the rat. The best estimate known to 
us was obtained by Huang,” who simul- 
taneously determined red ceil volume 
P32 and 
1824. His 
value is 5.75 ml per 100 g for unanes- 
thetized male rats weighing 230 to 550 
g (mean 393). Our values (table 5) of 


with 
plasma using the blue dye T 


using red cell tagged 


Pantie 5.--The volume of distribution of suspen- 
sions of T. equiperdum injected intra- 


venously into anesthetised rats 


Mean volume of 


Weight in Number 
Sex distribution in 
grams of rate m! per 100 g 
Mule 177 400 5 7.19+40.745 
40) 16 7.22+0.454 
401-58 6.4570 S01 
Females 251 5 6.5440,7589 


The volume of distribution may be defined as the number 
of trypanosomes injected divided by the concentration of 
trypanosomes found in the blood of the recipient immedi 
ately after injection, allowing time for mixing to occur. In 
practice it is somewhat simpler to divide the count per cu 
mm in the blood of the donor by the count per cu mm in 
the blood of the recipient and multiply by the volume in 
jected in ml per kg. The volumes of distribution are cor- 
rected by subtracting the volume of blood injected to make 
the determination. 


6.45 ml per 100 gy for rats weighing 400 
to 587 g, 7.22+0.44 ml per 100 g for 
rats weighing 300 to 400 g and 7.19 ml 
per 100 g for rats weighing 177 to 300 g 
are higher suggesting that trypanosomes 
approach homogeneous mixing with 
plasma more nearly than do the red 
cells. It seems appropriate to compare 
Metealf and 
the T1824 
hematocrit method. In rats weighing 
137 to 335 yg (mean 198) they found a 


our results with those of 


Favour,” who used and 


25. Huang, K. C. and Bondurant, J. H. 1956, 
Am. J. Physiol. 185: 441-445, 
26. Metcalf, J. and Favour, C. B. 1944, Am. J 


Physiol. 141: 695-706, 
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mean blood volume of 6.8 +0.44 ml per 
100 g. It appears, therefore, that the 
distribution volume of a suspension of 
7. equiperdum in defibrinated blood 
rather closely corresponds to the blood 
volume determined by the T-1824 and 
hematocrit method. We suggest that 
this is due to the high motility of the 
trypanosomes together with their slen- 
der shape which allows them to enter 
the finer divisions of the circulation 
more readily than red cells. 


SUMMARY 


Rats infected with Trypanosoma 
equiperdum and treated with oxophenar- 
sine acquire a rapidly developing highly 
specific immunity. When such rats are 
challenged by intravenous injection of 
large amounts of heavily infected blood 
most of the injected parasites quickly 
disappear. After an interval which 
varies from experiment to experiment 
but is uniform within an experiment 
parasites re-appear in the blood and 
within a few days cause death. This 
interval which we have called the 
period of protection is remarkably 
stable in the face of moderate variation 
of (1) the time between immunization 
and challenging, (2) the dose of drug 
used for immunization, (3) the dose of 
parasites used for challenging, and (4) 
the antigen dose used for immunization. 
However, extreme variation of the dose 
of parasites used for challenging or the 
antigen dose used for immunization 
cause variations in the period of pro- 
tection. 


The form of the curve relating anti- 
gen dose to the period of protection 
suggests that the trypanosome popula- 
tion is composed of a major antigenic 
type and one or more minor types and 
that the period of protection depends 
on the prevalence of the most numerous 
minor type that fails to act as an im- 
munizing stimulus. A method for cal- 
culating the prevalence of the minor 
antigenic types in the population is pre- 
sented, 

Evidence that the relapses are due 
to antigenic variants is presented in 
the form of cross immunity experiments. 

Very high doses of cortisone, up to 
200 mg per kg per day, were without 
effect on the period of protection as 
long as the dose of antigen was kept 
well above its threshold level of about 
100 trypanosomes per cmm of blood. 
At antigen doses near the threshold an 
adverse effect of cortisone on immuni- 
zation was found. It is suggested that 
an adverse effect of cortisone would be 
found in rats treated at high levels of 
parasitemia if one of the minor anti- 
genic types happened to be at its 
threshold value. 

The volume of distribution of trypan- 
osome suspensions injected intrave- 
nously into rats was found to give values 
nearer those obtained by the dye- 
hematocrit method than those obtained 
by the separate estimation of red cell 
volume and plasma volume. This indi- 
cates that the trypanosomes tend to 
become distributed more uniformly in 
the plasma than do the red cells. 
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mean blood volume of 6.8 +0.44 ml per 
100 g. It appears, therefore, that the 
distribution volume of a suspension of 
T. equiperdum in defibrinated blood 
rather closely corresponds to the blood 
volume determined by the T-1824 and 
hematocrit method. We suggest that 
this is due to the high motility of the 
trypanosomes together with their slen- 
der shape which allows them to enter 
the finer divisions of the circulation 
more readily than red cells. 


SUMMARY 


Rats infected with Trypanosoma 
equiperdum and treated with oxophenar- 
sine acquire a rapidly developing highly 
specific immunity. When such rats are 
challenged by intravenous injection of 
large amounts of heavily infected blood 
most of the injected parasites quickly 
disappear. After an interval which 
varies from experiment to experiment 
but is uniform within an experiment 
parasites re-appear in the blood and 
within a few days cause death. This 
interval which we have called the 
period of protection is remarkably 
stable in the face of moderate variation 
of (1) the time between immunization 
and challenging, (2) the dose of drug 
used for immunization, (3) the dose of 
parasites used for challenging, and (4) 
the antigen dose used for immunization. 
However, extreme variation of the dose 
of parasites used for challenging or the 
antigen dose used for immunization 
cause variations in the period of pro- 
tection. 


The form of the curve relating anti- 
gen dose to the period of protection 
suggests that the trypanosome popula- 
tion is composed of a major antigenic 
type and one or more minor types and 
that the period of protection depends 
on the prevalence of the most numerous 
minor type that fails to act as an im- 
munizing stimulus. A method for cal- 
culating the prevalence of the minor 
antigenic types in the population is pre- 
sented, 

Evidence that the relapses are due 
to antigenic variants is presented in 
the form of cross immunity experiments. 

Very high doses of cortisone, up to 
200 mg per kg per day, were without 
effect on the period of protection as 
long as the dose of antigen was kept 
well above its threshold level of about 
100 trypanosomes per cmm of blood. 
At antigen doses near the threshold an 
adverse effect of cortisone on immuni- 
zation was found. It is suggested that 
an adverse effect of cortisone would be 
found in rats treated at high levels of 
parasitemia if one of the minor anti- 
genic types happened to be at its 
threshold value. 

The volume of distribution of trypan- 
osome suspensions injected intrave- 
nously into rats was found to give values 
nearer those obtained by the dye- 
hematocrit method than those obtained 
by the separate estimation of red cell 
volume and plasma volume. This indi- 
cates that the trypanosomes tend to 
become distributed more uniformly in 
the plasma than do the red cells. 
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